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PREFACE 
This d i s s e r t a t i o n i s be ing submit ted i n p a r t i a l 
f u l f i l m e n t of the degree of Master of Phi losophy (M.Phi l ) 
i n P h y s i c s . Which i s an e s s e n t i a l p re -Ph .D. r equ i rement 
i n t h e Al iga rh Muslim U n i v e r s i t y , A l iga rh , 
The p r e l i m i n a r y work d e s c r i b e d i n t h i s M.Phi l , 
d i s s e r t a t i o n has been c a r r i e d - o u t under t h e r e s e a r c h scheme 
e n t i t l e d , 'Trace element a n a l y s i s of Uranium and Boron 
us ing s o l i d s t a t e n u c l e a r t r a c k d e t e c t i o n technique* g r a n t e d 
by t h e Department of Sc ience and Technology, Government of 
I n d i a , t o my s u p e r v i s o r . This d i s s e r t a t i o n d e s c r i b e s t h e 
a p p l i c a t i o n of MelineXf-0 p l a s t i c t r a c k d e t e c t o r f o r t h e 
measurements of uranium c o n t e n t i n t u b e - w e l l w a t e r samples 
used f o r d r ink ing purpose i n the A l i g a r h Muslim U n i v e r s i t y 
campus. Before doing a c t u a l measurements on w a t e r samples , 
t h e t r a c k development f e a t u r e s of f i s s i o n t r a c k s i n some 
p l a s t i c s had t o be s t u d i e d and a thorough knowledge of t h e 
SSNTD techn ique was n e c e s s a r y . A l l t h e s e s t u d i e s form t h e 
s u b j e c t ma t t e r of t h i s d i s s e r t a t i o n . 
The d i s s e r t a t i o n nas been d iv ided i n t o fou r c h a p t e r s : 
Chapter I c o n t a i n s b r i e f d e s c r i p t i o n of h i s t o r i a l 
development of t he So l id S t a t e Nuclear Track De tec t ion 
t e c h n i q u e . The t r a c k development p r o c e s s and t r a c k format ion 
mechanism have been explained in t h i s cimpter. The 
tnreshold c h a r a c t e r i s t i c s of the SSNTDs are emphasized and 
methods of t rade evaluation are a l so mentioned. Towards 
the end of tne chapter an spec i f ic mention of the aims and 
r e s u l t s of present inves t iga t ions nas been made. Final ly 
the chapter ends with a l i s t of references of the work 
consulted by me and arranged in a lphabet ica l order. 
In Chapter I I are given the de f in i t i ons and expla.— 
na t ions of various terms used in SSNTD teciinique. Some 
formulae re la t ing tne etched t rack p r o f i l e s are reproduced 
from various sources mentioned the re in . Methods which a re 
genera l ly used for measuring the two etch r a t e s V^ and 
V-, and the ac t iva t ion energy of bulk and t rack etching are 
a l so compiled in t h i s chapter . At the end of t h i s chapter 
an elaborate l i s t of the references of research papers used 
has been given with t h e i r complete t i t l e s . 
Chapter I I I and IV are the o r ig ina l cont r ibu t ion of 
the author. 
Chapter I I I contains the d e t a i l s of experiments 
carried-a;!: by the author on the s t idy of f i s s ion fragment 
t rack etching c h a r a c t a r i s t i e s of th ree d i f fe ren t p l a s t i c s : 
namely the CR-39, Lexan and Melinex-0. The CR-39 was found 
to record simultaneously the t racks of f i s s ion fragments as 
well as 6 MeV alpha p a r t i c l e from the Cf-252 spontaneously 
f i ss ioning source. The Lexan and Melinex-0 recorded only 
the f i ss ion t racks . The Lexan was found t o contain l a r g e r 
imperfections and background e tch p i t s compared to the 
Melinex-0. Also the bulk etching c h a r a c t e r i s t i c s of Lexan 
used was found to have undergone some change due to i t s 
long s h e l f - l i f e (more than 15 yea r s ) . Melinex-0 was found 
to have idea l bulk and t rack etching fea tures giving b e t t e r 
conical etcfcnpits fo r f i s s ion t r a c k s . Track etching 
e f f i c i enc ies ^p* °^ Melinex-0 and Lexan have been ca l cu la t ed . 
Final ly Melinex-0 was chosen for appl ica t ions as a de t ec to r 
for measurements of U-content described in Chapter IV. 
Chapter IV descr ibes the d e t a i l s of the s tud ies made 
in connection with the measurement of uranium-content i n 
water samples. The prevalent methods are discussed and then 
specia l mention i s made of the *wet' method used in the 
present i nves t iga t ions . The chapter contains a l l exper i -
mental d e t a i l s , r e s u l t and discussion on the determination 
of U-contents in t h ree water samples of A.M.U. Campus. The 
papers used in the prepara t ion of t h i s chapter are compiled 
in the form of references a t the end. 
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C H A P T E R I 
INSULATING SOLIDS AS NUCLHAR DETECTORS 
CHAPTflR I 
INSULATING SOLIDS AS NUCLEAR DgTSCTORS 
1.1 INTRODXTION 
Ail i n s u l a t i n g s o l i d s i n c l u d i n g mine ra l s ( v i z , m i c a s , 
a p a t i t e , z i r con , sphene , e p i d o t e , q u a r t z e t c , ) » n a t u r a l and 
man-made g l a s s e s ( t e k t i t e , v o l c a n i c g l a s s o b s i d i a n , sodal ime 
g l a s s , phosphate g l a s s e t c . ) » and organic polymers or p l a s t i c s 
( v i z , c e l l u l o s e n i t r a t e , c e l l u l o s e a c e t a t e , p o l y c a r b o n a t e , 
p o l y e t h y l e n e t e r e p h t h a l a t e , CR-39 p l a s t i c e t c . ) a r e capab le 
of r ecord ing the p a t h s o r ' t r a c k s * of heavy charged p a r t i c l e s 
p a s s i n g through them. Such s o l i d s when used t o d e t e c t t h e 
p r e sence of charged p a r t i c l e s , a r e known a s S o l i d S t a t e 
Nuc lea r Track De tec to r s (SSNTDs). The s o - c a l l e d SSNTDs were 
f i r s t in t roduced as an impor t an t t o o l f o r a p p l i c a t i o n s i n 
n u c l e a r sc i ences and geophys ics i n t h e e a r l y n i n e t e e n s i x t e e s 
by R.L. F l e i s c h e r e t a l . (1965 a ) . 
The d e t e c t i o n of charged p a r t i c l e s by t h e SSNTDs i s 
based on t h e exper imenta l f a c t t h a t heavy charged p a r t i c l e s , 
wn i l e p a s s i n g through t h e i n s u l a t i n g s o l i d s , produce m a t e r i a l 
damage t r a i l s along t h e i r t r e j e c t o r y as a r e s u l t of t h e 
e x c i t a t i o n and i o n i z a t i o n of atoms w i t h which they encounte r 
i n t h e i r p a t h . The damaged r eg ion of t n e s o l i d has d i f f e r e n t 
chemical and p h y s i c a l p r o p e r t i e s than t h e bu lk m a t e r i a l and 
may be cal led the ' l a t e n t track* for i t can not be seen 
by naked eyes or under op t ica l microscope (The ' l a t en t 
t r a c k s ' can however be seen d i r e c t l y as d i f f r ac t ion con t r a s t 
images using transmission e lec t ron microscopy TEtft). These 
l a t e n t t racks can be enlarged to few microns by su i t ab le 
chemical etching and then can be observed with the help of 
an op t i ca l microscope a t magnificatioxis of 100 x or more. 
The SSNTDs have an edge over other prevalent nuclear 
de tec to rs as they combine in cnemselves tne p roper t i es of 
t rack recording de tec to rs l i k e the cloud chambers, nuclear 
emulsions e t c . togetner with the compactness and s ing le 
p a r t i c l e counting a b i l i t y of semiconductor de tec tors without 
requir ing any special dark room processing or cos t ly e l ec t ron ic 
instrioments. Because of t h e i r many useful f ea tu res , these 
de tec tors have been used extensively in almost a l l branches 
of nuclear science, technology, hea l th physics and ea r th 
sciences for the l a s t twenty years (Sr ivastava 1971 and 1972, 
F le ischer e t a l . 1975). Their typ ica l appl ica t ions already 
e x i s t i n the study of low c ross - sec t ion nuclear r eac t ions , 
nuclear f i ss ion r eac t ions , i d e n t i f i c a t i o n of cos.aic-ray p a r t i -
c l e s of so la r and g a l a c t i c o r ig in , neutron f lux measurements, 
study of radia t ion h i s to ry of meteor i tes and lunar samples, 
age determination of geological and archaeological samples, 
microdis t r ibut ion s tud ies and microanalysis of some elements 
l i k e U, Th, Pu, Li , 3 , Be e t c . , neutron and cnarged p a r t i c l e 
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radiography, radon and tnoron dosimetry and their study 
for prediction of earth quakes, study of spreading of sea-
bedSf as micropore filters for filtration of cancer blood 
cells and virus and bacteria in bear industry, for measuring 
flight altitude of birds, for heavy ion lithography etc. 
In fact today there is hardly any branch of science and 
technology where these detectors have not been used or they 
do not have a potential application (Fleischer et al.l975). 
Several review articles have already bean published 
on special refinements of the SSNTD technique (TRACKOLOGY) 
and its applications (Ahlen et al. 1931, Fischer et al. 1930, 
Fleiscner et al. 1965a, 1969 and 1972, Fleiscaer 1979, 
Hepburn and Windle 1930, Iyer 1931, Morgan and Vliet 1970, 
Price and Fleischer 1971, Saini and iSlagpaul 1979, Spohr 
1931), The book written by Fleischer et al. (1975) is the 
first excellent treatise on this subject and gives elaborate 
list of references on ail topics, till the date of its 
publication. 
1.2 HISTORY OF DfiVELOPMEUT 
Historically the first nuclear track in an insulating 
solid was reported to have been seen by Young (1953) when 
he observed etch pits of fission fragments in a thick sample 
of lithium fluoride (LiF) using an optical microscope. Just 
a year later Silk and Barnes (1959), working at the same 
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place , Harwell (Jinglajnd), were able to take d i r e c t 
transmiseion electron microphotograph of l a t e n t damage 
t r a i l s produced i n aiica by the f i s s ion fragments of 2.33\\ • 
Both of these two papains remained l a rge ly unnoticed u n t i l 
1962 when Price and Walker (1962 a,b) working a t General 
E lec t r i c Company, Schenectady, New York, repeated the 
observations of these e a r l i e r worKers. Successively they 
discovered tha t the l a t e n t damage t r a i l s in mica could be 
p re f e r en t i a l l y etched and seen under opt ica l microscope 
(Pr ice and v/alker I962 c , d ) . Soon Fleischer a l so Joined 
Pr ice and showed t h a t t rack etciriing was a general phenomenon 
and t h a t tne nuclear t racks could be etched and seen in glass 
as well as in p l a s t i c s apar t from the minerals (F le i sche r 
and Price I963 a , b ) . I t was a f t e r t h i s r e a l i z a t i o n of 
genera l i ty of t rack etching t h a t the group of these tn ree 
s c i e n t i s t s (P.B. P r i ce , R.M. Walker and R.L. F le iscner) then 
working together a t GEC, did tremendous work on t h i s new 
c l a s s of nuclear de tec tors and es tabl ished the a p p l i c a b i l i t y 
of SSNTDs in nuclear science and geophysics. 4 f te r the 
publ ica t ion of t h e i r f i r s t review paper (F le i scher e t a l . 
1965 a) many s c i e n t i s t s in d i f f e ren t l abo ra to r i e s s t a r t e d 
working on SSNTDs and t n e i r app l i ca t ions . 
Today the SSNTDs are being used in more than f i f t y 
l a b o r a t o r i e s of tne world including Aus t ra l ia , Aust r ia , 
Bangladesh, Braz i l , China, Czechoslovakia, West Germany, 
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England, France, Hungary, Ind ia , I r aq , Iran I t a l y , Japan 
Mexico, Pakistan, Spain, Sweden, U.S.A., U.S.S.R. and 
Yagoslavia. C.W. Naeser (USA), D. Lai ( I n d i a ) , S.V. Benton 
4JSA), G.A. Wagner (V«. Germany), G. Somogyi (Hungary), H.A. 
Khan (Pakis tan) , L, Tommasino ( I t a l y ) , M. Monnin (France) , 
R. Spoiir (¥• Germany), R.H. Iyer ( l n d \ a ) , V.P. Perelygain 
(USSR) and w. finge (W. Germany) are some of the s c i e n t i s t s 
who have made very important o r ig ina l contr ibut ions to t h i s 
new f i e ld . 
The importance of these SSNTDs can be r ea l i s ed from 
the fact t h a t a f t e r the f i r s t t op ica l Conference on D ie l ec t r i c 
Track Detectors held a t Clermont Ferrand (France) i n 1969, 
such In te rna t iona l Conferences on SSNTDs are being organised 
every year. Even in India , National S©minar-cum-Workshop 
on SSNTDs i s organised every two year s ince 1979» when i t 
was held a t Bhabha Atomic Research Centre, Trombay, Bombay. 
Another important index w i l l be the data on number 
of papers published per year on SSNTDs. I f one c o l l e c t s 
the data from the very beginning 1963 to 1935, i t w i l l be 
seen tha t there was a * quantum leap* around 1963 when the 
genera l i ty of chemical etching was r e a l i s e d . A very sharp 
r i s e i n the number of annual publ ica t ion during 1965 t o 1975 
showed an * avalanche* i n the development and appl ica t ions 
of these detectors due to t h e i r recognized s impl ic i ty and 
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many advantageous f e a t u r e s . The p e r i o d of 1970-1930 
shows a ' p l a t e a u * t r « n d dur ing which number of annual 
p u b l i c a t i o n s i n t h i s f i e l d i s seen t o be almost c o n s t a n t 
and mostly r e l a t e d t o ref inement i n t h e tecirmique and 
c o r r e c t i n t e r p r e t a t i o n of t r a c k d a t a . From t h e d a t a on 
annual p u b l i c a t i o n between 1930-1935, t he ' p la teau* 
t r e n d seems t o c o n t i n u e tout one f i n d s changes i n concep t s 
and i n t e r p r e t a t i o n s of t h e d a t a s p e c i a l l y i n the f i e l d of 
geophys ica l a p p l i c a t i o n s and a l s o i n theory of e t c h a b i l i t y 
of tracKE i n p l a s t i c s ( C h a i l l o u and Chambaudet 1932, 
Ciiambaudet and Roncin 1932, Mark 1932) . 
l . i SSLBCTIVE CHEMICAL ETCHING OF TRACKS 
Severa l methods have so f a r been used fo r r e v e l a t i o n 
of t r a c k s i n s o l i d s ( S r i v a s t a v a 1971; F l e i s c h e r e t a l . 1975, 
Chand 1931)out of whicn t h e s e l e c t i v e chemical e t c h i n g i s 
t h e s imp les t and nas been most e x t e n s i v e l y used (Fvikui e t 
a l . 1975, Somogyi 1977 a ) . Although e l e c t r o c h e m i c a l 
e t c h i n g , BCS (Tommasino 1973, Somogyi 1977b)enlarges t h e 
t r a c k s t o very l a r g e s i z e s , i t s a p p l i c a t i o n i s l i m i t e d due 
t o I t s p o s s i b i l i t y i n some p l a s t i c s only and fo r s p e c i f i c 
type of t r a c k s . Also i t r e q u i r e s h igh frequency and h igh 
v o l t a g e c i r c u i t e l ements . 
For chemical e t ch ing t n e s o l i d c o n t a i n i n g t h e l a t e n t 
t r acKs i s immersed i n t o a s u i t a b l e chemical e t ch ing s o l u t i o n 
( t yp i ca l l y cone, or d i l . HF for g l a s se s , cone. NaOH and 
KOH solut ion for p l a s t i c s and very concentrated bo i l ing 
NaOH or MO,, HCl, H^SO^ and HF of d i f fe ren t concentra t ions 
for niinerals) Maintained a t a p a r t i c u l a r temperature. Then, 
wMle the bulk of the so l id mater ia l d issolves in general 
a t a constant r a t e removing the surface a t a r a t e V^ (known 
as bulk or general e tch r a t e ) , the mater ia l along the dama-
ged region dissolves a t a much f a s t e r r a t e Vm (known as 
t rack etch r a t e , here assumed t o be constant a t every point 
on the t ra jec tory of the p a r t i c l e ) . For ge t t ing etched 
observable t racks V™, must be g r ea t e r than V^. Since V.-j, i s 
g r ea t e r than V^, a f t e r some time a conical e t c h - p i t i s 
formed in the so l id (see Fig. 1.1 b ) . When the s i ze of the 
e t c h - p i t becomes comparable to the wavelength of v i s i b l e 
l i g h t , i t can be seen using an op t i ca l microscope a t magni-
f i c a t i ons of 100 X or more. 
Fig, 1 .1 , shows the developaent of charged p a r t i c l e 
t rack by chemical etching process in an i so t rop ic so l id 
( l i k e g lass or p l a s t i c ) assuming t h a t the p r e f e r e n t i a l 
track etching s t a r t s jB t from the surface of the de tec to r 
i t s e l f . The etched t rack remains conictU t i l l the time 
when the etchant reaches the end of the p a r t i c l e ' s t r a j e c -
tory (Fig. 1.1 c ) . After t h a t the p r e f e r e n t i a l etching 
along the t ra jectory ceases and the mater ia l etches a t the 
same general bulk r a t e VQ a l l along the surface of the 
Unetch«d detector 
Surface 
, 'particle's 
trajtctory 
U ) 
Etching Soltton 
Etch I / ^ E t c h e d 
0it \ ^ detector 
, surface 
/ 
/ 
VT ^^6 
fe ^ 
(b) (e) 
vz 
(Transition phase) 
(d) ( • ) 
Pig. 1.1 Th« d«v«(opm«nt proctfs of a chargtd particU track in 
• plastic datactor by chamical atching. 
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t r a c k hollow ( S r i v a s t a v a 1971) . The wal l of t he t r a c k 
remains c o n i c a l bu t t h e end of t h e t r a c k becomes s p h e r i c a l 
( F i g . 1.1 d ) . This i s c a l l e d t h e ' t r a n s i t i o n pnase* (Al l 
and Durrani 1977) . 
Prolonged e t c h i n g w i l l l e a d t o a p o s i t i o n , when t h e 
c o n i c a l wa l l s of t h e t r a c k - h o l l o w w i l l a l s o v a n i s h , and t h e 
e n t i r e etched hollow w i l l became s p h e r i c a l ( F i g . l i e ) . This 
i s known as ^spher ica l phase . * 
The shape and s i z e of t h e t r a c k s depend upon p a r t i -
c l e a s wel l as d e t e c t o r and e t c h a n t s c h a r a c t e r i s t i c s . Taese 
a l s o vary wi th a n g l e of e n t r a n c e . The t r a c k s e c t i o n of 
normal ly e n t e r i n g p a r t i c l e s i s i n g e n e r a l c i r c u l a r and t h a t 
of ob l ique ly e n t e r i n g p a r t i c l e i s e l l i p i t i c a l . Grazing t r a c k s 
show c o n i c a l p r o j e c t i o n s f o r s h o r t e t ch ing t i m e s , Fig. 1 .2 . 
Henke and Benton (1971) , Somogyi and Szalay ( 1 9 7 3 ) , 
Al i and Durrani (1977) and Somogyi (1930) have d i s c u s s e d 
t h e geometry of e tched t r a c k s i n g r e a t d e t a i l s f o r t h e 
i s o t r o p i c as wel l a s a n i s o t r o p i c s o l i d s . 
1 .4 TRACK FORMATION MECHANISM IW SOLIDS 
Charged p a r t i c l e t r a c k s i n s o l i d s a r e narrow (< 50 A*^  
r a d i u s ) s t a b l e , chemica l ly r e a c t i v e c e n t r e s of s t r a i n t h a t 
a r e composed most ly of d i s p l a c e d atomic r a t h e r t han e l e c t r o -
n i c d e f e c t s ( F l e i s c h e r e t a l . 1975) . On t h e b a s i s of 
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es^e r imen ta l t e s t s conducted (a ) on t h e measurement of 
e f f e c t s of e l e c t r o n i r r a d i a t i o n on chemical d i s s o l u t i o n 
r a t e s of s o l i d s and (b) on t h e measurement of t h e r a d i a l 
d i s t r i b u t i o n of etclriable damage i n s o l i d s , i t nas been 
concluded txiat two s e p a r a t e mechanisms of t r a c k format ion 
e x i s t j one f o r tna i n o r g a n i c s o l i d s and g l a s s , and t h e 
o t h e r fo r t h e organic s o l i d s or polymers ( p l a s t i c s ) . 
(A) For Inorganic s o l i d s : When a heavy charged p a r t i c l e 
p a s s e s through a s o l i d i t e x c i t e s as wel l as i o n i z e s t h e 
atoms of s o l i d i n i t s p a t h . In t h e c a s e of i n o r g a n i c s o l i d s 
t h e pr imary damage t h a t r e s u l t s from t h e e x c i t a t i o n and 
i o n i z a t i o n caused by t h e i n c i d e n t neavy i o n i s b e l i e v e d t o 
be mainly r e s p o n s i b l e fo r t h e development of an e t c h a b l e 
t r a c k i . e . for t h e h ighe r chemical e t c h a b i l i t y of t h e dama-
ged t r a i l s . There a r e s t rong evidences t o accep t t h a t t h e 
secondary e f f e c t s of d e l t a r ays a re unimportant f o r t h e c a s e 
of inorgan ic s o l i d s ( M a u r e t t e 1970, S e i t z 1972), In f a c t , i n 
t h e i no rgan i c s o l i d s t h e l a s t i n g t he rma l ly e t c h a b l e damage 
c o n s i s t s of atomic d i s o r d e r and v a c a n c i e s . 
Fig . 1.3 shows t h e t h r e e s t e p s i n which t h e t r a c k s 
a r e b e l i e v e d t o be formed i n t h e i n o r g a n i c s o l i d s accord ing 
t o t h e lon-Esqplosion s p i k e modal of F l e i s c h e r e t a l . (1965b), 
The incoming heavy i o n f i r s t knocks out e l e c t r o n s from t h e 
atoms i n i t s p a t h , t h u s c r e a t i n g an u n s t a b l e a r r a y of 
a d j a c e n t +ve ions ( F i g . 1.3a) (The charge c e n t r e s or -V e^. 
.^, Incident /Electrostatic 
(J+^ ^ heavy ion /displacennent 
/ 
/ / 
o o o o © / o o o o o e / o o 
I 
V 
O O O ©/© o o O O O O / O O O 
O O o O © O o O O O O N / ^ © 0 
0 0 0 9 ' ' ® 0 0 0 ( ^ 0 / © © 0 
O O O / O O O O O O ^1 ^^^ O O 
o o e ^ o o o o o ® - ^ ^ o © o o 
0 0 , ( ^ 0 0 0 0 o o / ' f e o o o 
/ / 
/ / 
/ / 
^ ( a ) / l b ) 
/Relaxation and 
/ elastic strain 
o^ao^o b o~<^  
o^cxo / © oro 
0.0.© / O OX) 
o.® 'o © o - ^ ©/ 
0^0/ O ©X3X) 
0.0/0 O OX)X) 
Mc) 
Ffg.1-3 (a/ The incident heavy ion produces primary ionization 
along its trajectory. Thus leaving an unstable array 
of •ve ionsWb) The •ve ions so created repel and 
knock each other fronn their norma l sites and mov€ 
Into the interstit ial space in the crystal lattice 
causing electrostatically stressed region, (c) The 
stressed region re laxes e last lca l ly and propagates 
the strain in s ide -ways- fhus straining the undamagc 
matrix and producing latent tracks (After Fleischer 
e ta l . 1975) 
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ions, so produced, may produce secondary electrons or 
delta-rays from the atoms of the solid which may further 
produce excitation and ionization i f they carry enough 
energy. The delta rays deposit energies around the t r a j -
ectory of the incident pa r t i c l e ) . Then the +ve ions repel 
and thrust one another away from the i r nonnal s i t e s into 
the i n t e r s t i t i a l positions in the crystal l a t t i c e , thus 
creating vacant l a t t i c e s i t es due to thei r Coulomb repul-
sive forces (Fig. 1.3b). Tnereafter the e las t ic relaxa-
tion reduces the intense local stresses by spreading the 
s t ra in more widely (Fig. l . j jc) . In fact i t i s the creation 
of the long range s t ra in in the third step that makes the 
observation of l a ten t damage t r a i l s possible using the 
transmission electron microscopy (TEM), The daiaage 
produced by atomic col l is ions consist of displaced atoms 
and resultant vacancies. 
(B) For Organic polymers or p las t ics : In the case of 
organic polymers or p las t ics i t i s believed that both the 
primary and secondary ionization and excitation play roles 
in the production of etchable tracks. The esocited atoms 
produced by the incident heavy ion, leads to the breaking 
i;^  of long molecular chains of the polymer. These broken 
molecular chains rarely reunite at the same place, instead 
they produce broken bonds and free radicals e tc . which are 
cnemically more reactive (Fig. 1.4). In the case of 
F i g . 1.4 Track f o r m a t i o n i n o r g a n i c p o l y m e r s ( p l a s t i c s ) . 
riiG c h a r j c d p a r t i c l e Lon izos and e x c i t e s t h e 
mol . '^cules , b r e a k i n g t h e f)olym'^r c h a i n s . I he 
c h a i n ends r a r e l y r r u n i t e i n t h e same p l a c e , 
b u t u s u a l l y r e i c t w i t h oxygen o r o t f i e r ( ' i s s o l v ^ d 
gas-^s in t h e p o l y m e r f o r m i n g new s p e c i e s a l o n g 
t h e [ ^a r t i c l e ' s t r a j e c t o r y (shc^wn by b l a c k d o t s ) 
t h a t a r e h i g h l y c h e m i c a l l y r e a c t i v e . 
n 
p l a s t i c t n e c o n t r i b u t i o n of d e l t a - r a y s i n d e p o s i t i n g t h e 
energy sideways of tirie t r a j e c t o r y of t h e i n c i d e n t ion i s 
most impor tan t (Kobe t ich and Katz 1963, Katz and Kobet ich 
1963) . 
1.:? THRESHOLD CHARACTERISTICS OF SSNTDs AND PLACE OF 
PLASTICS AMONG THESE DETECTORS 
E:<perimentally i t xias been found t h a t t h e SSNTDs a r e 
t h r e s h o l d type of p a s s i v e d e t e c t o r s . For example muscovi te 
mica and g l a s s do n o t r ecord t h e t r a c k s of l i g h t e r charged 
par t i c lesvp-a lpha p a r t i c l e s , p ro tons whereas they r eco rd t h e 
t r a c k s of f i s s i o n fragments and o t h e r i o n s h e a v i e r than 
?o 
oxygen. S i m i l a r l y t n e mica r e c o r d s t h e Ne i o n s of energy 
upto 2 MeV, while t h e g l a s s recoixis Ne heavy i o n s of 
energy upto 20 MeV. S i m i l a r l y among t h e p l a s t i c s , t he p o l y -
e t h e l e n e terephthf iLate p l a s t i c ( v i z . Melinex) r e c o r d s t h e 
t r a c k s of f i s s i o n fragments and h e a v i e r i ons above oxygen 
and n o t those of a lpha p a i ' t i c l e s and p r o t o n s . The Lexan 
po lyca rbona te p l a s t i c r>2cords t r a c k s of f i s s i o n fragments 
and low energy alpiia p a r t i c l e (below ^ 0.5 MeV), wh i l e i t 
does n o t record t h e t r a c k s of p r o t o n s . 
The r e l a t i v e s e n s i t i v i t y of t h e SSNTDs i s unders tood 
i n terms of c r i t i c a l v a l u e of pr imary i o n i z a t i o n (J)^s-j^^ 
( F l e i s c h e r e t a l . 1967) or c r i t i c a l v a l u e of r e s t r i c t e d 
(iff 
energy loss r a t e (R^L)^^^^ °^ ^ 8x ^ ^ ^ ^cr i t^^^" '^°" ''•^ '^^  
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and 1970). I t tarns out tJiat pract ical ly for every SSNTD 
tiiere exists a c r i t i c a l value of material damage above 
wjiich only tne tracks become etchable. This c r i t i c a l dam-
age may be represented by ( J ) c r i t °^ ^^^K < w c r i t * ^^ 
a par t ic le produces an excitatioii and ionization in a SSNTD 
to such an extent tnat the result ing damage is above the 
CJ)crit ^^ ('^^^)crit ^^^ that material, then i t s tracks can 
be preferentially etched and seen witn the help of a micro-
scope. If tne damage produced by any par t ic le i s l ess than 
(J) j ^ ^ for tnat SSNTD, that par t icular p a r t i c l e ' s track can 
not be etched in tnat SSNTD. These tnreshold or c r i t i c a l 
values are shown by horizontal l ines in figure 1,5 af ter 
Fleischer et a l . (1967), who obtained these l ines by prac t ic -
al ly detecting the regis t ra t ion and non-registration of 
tracks of accelerated heavy ions. The open c i rc les represent 
non-registration, wnile the f i l l ed c i rc les represent the 
100 y, registrat ion. 
I t i s seen from this figure that plast ic detectors 
are most sensitive type of SSNTD because the threshold 
represented by c r i t i c a l value of primary ionization ( J ) c r i t 
i s lower for p las t ics (Fig. 1.5). Similarly the glasses 
are more sensitive than mica and meteoritie minerals. Among 
the p las t ics themselves, the Daicell CN i s more sensitive 
than Nixon-Baldwin. Melinex-0 i s the l eas t sensitive 
p las t ic as seen from the liighest value of c r i t i c a l primary 
ENERGY / NUCLEON (M«V) 
50 100 ^?9 lOj^ Q ZOpSU 
MTIQ«}UC^¥lNt«Ali-
0.4 0.5 0.6 
VELOCITY, fi'^/c 
F i g . 1.^ Showing the t h r e s h o l d c h a r a c t e r i s t i c s of 
v a r i o u s 33:N1TU according to the c r i t i c a l 
(^•i) c r i t e r i o n of F l e i s c h e r e t a l . (1V67). 
1.^  
ion iza t ion (J)(,j,j^^ ^'o^ i"t» Recently CR-39 p l a s t i c t rack 
de tec tors have been found t o be tne most s ens i t ive SSNTD 
so far known. Tnis p l a s t i c i s made by tne polymerization 
of a l i qu id monomer of a l l y l d iglycol carbonate. I t has 
been found to record even tne t racks of 1 MeV protons 
(car twright and snirk 1973). 
At t h i s s tage i t i s useful to mention the term 
'^Critical energy' S^ for t rack r e g i s t r a t i o n . I t can be 
understood by re fe r r ing to f igure 1.6, which shows the 
general nature of the primary i on i za t i on , J , [or (RSL)^ ^ ^ 
dE 
or ( -5~ ),, . ,, ] versus p a r t i c l e energy curve for a given 
UX W S WQ 
ion ^ X in a so l id . Tne horizontal l i n e snows the threshold 
damage for detect ion in t h a t ma te r i a l . As a high energy 
p o s i t i v e ion £ X of energy E enters the de tec to r surface, 
i t slows down in to tne so l id and accordingly the ion iza t ion 
(or d a ^ e ) produced by i t Increases because J a ^^ , 
where j3 i s tne ve loc i ty of ion in terms of ve loc i ty of l i g h t . 
J u s t when i t s energy becomes equal t o E^, the damage produ-
ced by i t becomes equal to the c r i t i c a l damage (J )« j . i t 
required for t rack r e g i s t r a t i o n , and accordingly i t s t rack 
can be etched from t h i s point down to almost zero energy 
because over a l l t h i s region of energy, the damage produced 
by the ion remains more than the c r i t i c a l damage. Obviou-
s ly the maximum etchable t rack length of the ion in t ha t 
mater ia l wi l l be equal t o the range of ion of energy E^ 
or in other words Imax " f^ CSc)* This Eg i s known as 
Primary 
ionization 
(J) 
Jc 
Energy (MeV) 
Ff'g. 1-6 Showing upper and lower threshold 
cr i t ica l energies. 
H 
cricical energy. Some times it is also referred to as 
upper critical thresnold energy because thare may be a 
lower critical threshold energy too (Srivastava et al. 1979). 
If tne particle slows down, the ionization (damage) pro-
duced by it at very low energy towards the end of its 
trajectory may become so low that it is less than the 
critical damage J . In tnat case the point where the 
c 
horizontal line will cut the carve near zero energy end 
will give tne lower critical energy £ . Obviously, the 
maximum etcnable track length under that case will be equal 
to the difference of the range of particle of energy S_ and 
E^ or in other words Im = R (E^) - R(E„). In the case of o c o 
plastics especially it has been found that the detection 
threshold J can be changed to some extent by using diff-
erent etching condition nence the sensitivity of the plastic 
detectors can also be optimised (Somogyi et al. 1969). E_ is 
also therefore found to be affected by etching conditions. 
We nave studied the registration characteristics for 
fission fragment tracks in some plastics (Chapter III). 
Tne damage produced by the ionization caused by fission 
fragments is very intense in the beginning of the trajec-
tory and decreases towards the end. This tendency is 
reverse of that which is observed in case of other lighter 
charged ions like alpha particles, C, 0 etc. In the 
case of fission fragments the effective charge 
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Z* of t h e fragment d e c r e a s e s a s i t moves on i n t n e 
d e t e c t o r , hence i t s pr imary i o n i z a t i o n d e c r e a s e s towards 
t h e end of i t s t r a j e c t o r y (Heciunan e t a l . 1960) . 
1.6 METHODS OF TRACK EVALUATION 
The etcned t r a c k s a r e g e n e r a l l y observed by using 
o p t i c a l b inocu l a r r e s e a r c h microscope a t m a g n i f i c a t i o n of 
100 X to 1500 X. For many problems only number of t r a c k s 
r e g i s t e r e d i s r e q u i r e d . That i s done by count ing t h e 
t r a c k s a t s u i t a b l e m a g n i f i c a t i o n using a h a n d - t a l l y coun-
t e r . In ca se s where t h e t r a c k s a r e very uniformly d i s t r i b u -
t e d over l a r g e a r e a s only t r a c k d e n s i t y measurement i s 
r e q u i r e d . For t h i s purpose t n e t r a c k s a r e counted i n about 
:)Q t o 100 f i e l d s and average i s de te rmined . A square g r a -
t i c u l e i n t h e f i e l d of view i s c a l i b r a t e d fo r i t s a r e a by 
using a s t a g e micrometer g l a s s s l i d e f o r t h i s purpose . The 
t r a c k l e n g t h and d i a m e t e r s c o n t a i n in fo rma t ion about t h e 
p a r t i c l e ' s cnarge , mass and i t s energy. The measurement of 
d i amete r and l e n g t h i s done by us ing a F i l l e r type eye-
p i e c e micrometer . Ent rance ang le of t h e p a r t i c l e t r a c k can 
be measured by using Z -ax i s motion screw of t h e microscope . 
The v i s u a l count ing using o p t i c a l microscope i s ve ry t ime 
consuming and t i r i n g , e s p e c i a l l y fo r ve ry l a r g e number of 
t r a c k s > 10 . For avoid ing such problems a t t e m p t s nave 
bpan madf tq> f ind t h e r e l a t i o n between t r ^ c k d e n s i t y and 
_ ^ ^ ^ [l_Qxp (-130 ^/Z^^^) 
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pe rcen tage of l i g h t t r a n s m i t t e d or r e f l e c t e d by the 
i r r a d i a t e d and e tched a r ea of t h e SSNTD e s p e c i a l l y i n 
p l a s t i c s (Somogyi and S r i v a s t a v a 1971 , Khan and Durrani 
1972) . S imi l a r l y f o r low t r a c k d e n s i t i e s quick e l e c t r o n i c 
count ing system using s o - c a l l e d 'jumping spark c o u n t e r s ' 
has been developed (Cross and rommasino 1970, J a s i a k and 
P i e s c h 1975, Somogyi e t a l . 1978) . Al l t h e s e nave s t i l l 
n o t found g r e a t p o p u l a r i t y among t r a c k o l o g i s t s because of 
t h e i r i n h e r e n t problems. Many more methods have been 
developed fo r t r a c k r e v e l a t i o n i n s p e c i a l problems. These 
have been d e s c r i b e d by S r i v a s t a v a (1971) , F l e i s c h e r e t a l . 
(1975) and Chand (1981) . Monnin (1980) nas a l s o reviewed 
methods of v i z u a l i z a t i o n of l a t e n t t r a c k s . 
1.7 THS PRESENT INVESTIGATIONS 
The aim of t h e p r e s e n t i n v e s t i g a t i o n s was t o use 
t h e p l a s t i c t r ack d e t e c t o r s f o r t h e measurement of uranium 
c o n t e n t of t ube -we l l wa te r samples used f o r d r i n k i n g 
purpose i n oior ALigarh Muslim U o i v a r s i t y Campus, 
The whole s tudy i s d e s c r i b e d i n d e t a i l i n Chapter 
IV of t h i s d i s s e r t a t i o n . As fo r making c o r r e c t i n t e r p r e t a -
t i o n s of t r a c k da ta i n any a p p l i c a t i o n using SSNTDs i t i s 
n e c e s s a r y t o iiave a complete unders tand ing about t h e t r a c k 
development c x i a r a c t e r i s t i e s of t h e d e t e c t o r , we dec ided t o 
s tudy the bulk and f i s s i o n t r a c k e t c h i n g c h a r a c t e r i s t i c s 
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of few p l a s t i c s ava i lab le with us. Fission t racks were 
specia l ly chosen because the uranium determination invo-
lves the etching and counting of f i s s ion fragment t racks 
from ^ - ' u (n , f ) reac t ion (see Chapter IV). We studied 
tne bulk and f i s s ion t rack etching c h a r a c t e r i s t i c s of 
CR-39» Lexan and Melinex - 0 p l a s t i c s . The data have been 
presented by measuring the bulk e tch r a t e s , t rack d i a -
meters and projected track l eng ths . The d e t a i l s of 
ou r study and r e s u l t s are given in Chapter I I I of t h i s 
d i s s e r t a t i o n . 
CR-39 p l a s t i c was found t o reveal the f i s s ion as 
well as 6 MeV alpha p a r t i c l e t r acks from Cf-252 f i s s ion 
fragments source simultaneously. Because of only almost 
circiiLar t racks recorded in CR-39 (although i r r a d i a t e d i n 
;_;_Tt geometry by the Cf-252 source) i t was concluded t n a t 
i t s etcMng eff iciency was very low. Moreover the depth 
dependence found in CR-39 by Chand (1931) was confiraied. 
Swelling of our old Laxan p l a s t i c pieces was 
observed during bulk etch r a t e measurements in 6 N, NaOH at 
60°C. However the t rack etching eff iciency for f i s s ion 
fragment tracks was found to decrease only s l i g h t l y . Our 
Lexan p l a s t i c pieces were a lso observed to give more 
scra tches and background t racks compared to the Melinex-O 
p l a s t i c . 
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The Meiinex-0 p l a s t i c was found to give veiy 
unifonn balk and t rack etch r a t e s . The f i s s ion fragment 
t racks had very n ice conical p ro f i l e and were very well 
d is t inguishable from tne background scratches unlike the 
Laxan, I t was for t h i s reason tha t Melinex-0 was p re fe -
rred for appl icat ion in uranium content measurements. The 
most appropriate etching time for etching f i s s ion t racks 
in Meline»-0 in 6N, NaOH a t 6o°C was found to be 90 minutes, 
In our s tudies on uranium content measurement in 
tube-well water samples of the AMU campus, we iiave found 
t h a t tne l>-content i n the campus va r i e s very widely wi thin 
10 sq.km area probably due to underground geological v a r i a -
t i o n s . The values of U-content were found to be 33.46, 
1 ^ . 5 7 and 471.36 ugm/1 ( i . e . about 0.033, 0.15 and 0.47 
ppm) respect ively for Z.H. College of Engg. and Tech. (AMU), 
Abdullah Hall (AMU) and Medical College (AMU) samples. 
These values , though on higher s ide , are within the l i m i t s 
observed by Edgington (1965) and Drury et a l . (1931) respec-
t i v e l y in US tap waters and underground waters . 
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TRACK PHOFXLE DEVELOPMENT PARAMfcTHRS 
CHAPTER I I 
TRACK PROFILSDEVELOPMMT PARAMETERS 
2 . 1 INTRODUCTION 
We Jiave seen i n Chapter I ( a r t i c l e 1,3) t h a t s e l e c -
t i v e chemical e t ch ing of a t r a c k i n a s o l i d depends upon t h e 
compe t i t i on between t h e two e t c h r a t e s v i z . t he t r a c k e t c h 
r a t e V,„ and t h e bu lk e t c h r a t e V^. In t h e damaged r eg ion 
where t h e primary i o n i z a t i o n , J , or r e s t r i c t e d energy l o s s 
dE 
rate ( "^ ),^ y ,g i s greater thcin the c r i t i c a l value required 
for the detector material, tne track etch ra te V^ , becomes 
V 
T greater than the bulk etch rate V^  ( rp- > 1 ) . The ra t io of 
G 
tne two etcn rates i s called the preferential track etcn r a t io 
^T 
V ( « :T~ ) . Tills ra t io determines many character is t ics of 
^G 
the etched tracks as we shall see in sequence. 
In this chapter we describe, the geometry of a neavy 
ion track in an isotropic solid such as plastic or glass 
assuming constant values of V^ . and V™ . We also e:q)lain 
some specific terms like the critical angle d , track 
etching efficiency ^0% ' activation energy of bulk and 
track etching E« and ii_ etc. we also briefly describe the 
methods commonly employed for determination of Vrp, VQ and 
the two activation energies. Although all tnese details 
are available in scientific literature (Henke and Benton 
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1971 , Somogyi and Sza lay 1973, F l e i s c n a r a t a l . 1975, All 
and Durrani 1977) a comp i l a t i on of t h e same i n t h i s c h a p t e r 
w i l l be useful from t n e p o i n t of view of t n i s d i s s e r t a t i o n . 
2 .2 E^UCddD XHACK PROFILiLS 
Let i n f i g u r e 2 . 1 ( a ) t h e do t s along AB r e p r e s e n t 
t h e l a t e n t damage t r a i l s a long t h e t r a j e c t o r y of a cnarged 
p a r t i c l e en te r ing t h e d e t e c t o r s u r f a c e SS a t an en t r ance 
ang le of 5 (measured from tne s u r f a c e hence sometimes a l s o 
c a l l e d 'dip a n g l e ' ) . We assume t h a t tha p r e f e r e n t i a l 
e t ch ing of t n e t r a c k s t a r t s from t h e very beginning i . e . 
from A onwards V.p > V^. (This w i l l be t h e c a s e when, even 
a t A, t h e primary i o n i z a t i o n J i s more than t h e c r i t i c a l 
v a l u e of primary i o n i z a t i o n (J)-,j.-it needed fo r t n a t d e t e c -
t o r m a t e r i a l ) . We a l s o assume t h a t V.p and V^ bo th nave 
c o n s t a n t values a t every p o i n t of t h e p a r t i c l e ' s t r a j e c t o r y , 
i n t h i s f i gu re v/e a r e shov/ing t h a t t he e t ch ing i s pr'oceeding 
only from one s ide of t h e d e t e c t o r from which t h e p a r t i c l e 
has en t e r ed . In a t ime t , a t h i c k n e s s V«t w i l l be removed 
from t h e d e t e c t o r s u r f a c e so t n a t t h e new etched s u r f a c e 
w i l l be S^ S'. In the same t ime t , t h e m a t e r i a l a long t h e 
t r a c k w i l l be etched upto AC so t h a t a c t u a l t r a c k l e n g t h 
L a AC =« Vnit. To f ind t h e snap* of etciaed t i-ack, we use 
i luygen's wave c o n s t r u c t i o n concept ana draw t a n g e n t s from 
C on tne c i r c l e drawn w i t h A as centi-e and r a d i u s equal t o 
l l /> 
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V^t = AG. Tiius ICJ shows t h e e tched t r a c k hollow i n t ime 
t . I f H be the p o i n t of t a n g e n t on t h e c i r c l e , t hen AH == 
AG =. V_,t and tne ang le AHC = 90° . [ F i g . 2 . 1 (b) snows t h e 
p r o j e c t i o n of the e tched t r a c k on t h e d e t e c t o r s u r f a c e . 
Obviously, t h e opening of t h e t r a c k nollow w i l l be e l l i p t i c a l 
f o r ob l ique i n c i d e n c e and c i r c u l a r fo r t h e ca se of normal 
i n c i d e n c e . The c a s e of normal i n c i d e n c e i s shown i n f i g u r e 
2 . 1 ( c ) . In t h i s c a s e the t r a c k opening on t h e e tched 
s u r f a c e w i l l be c i r c u l a r of d i ame te r I J = d ] . 
The semi-cone ang le 0 of the c o n i c a l e tched t r a c k 
w i l l be given by 
AH Vgt 
s in 8 =« — =» - ^ 
AC V^t 
1 ^ r G » sin"-^ -^ ( 2 . 1 ) 
The observed e tched t r a c k l e n g t h DC =« 1 ( say ) 
From f igu re 2 . 1 ( a ) 
1 » DC =» AC - AD 
AG 
V^t -
s i n t 
Vpt 
^ s i n 6 
o 29 
o r 1 » [ - ^ ^ ] t ( 2 . 2 ) 
s i n e 
For the s p e c i a l case of normal i n c i d e n c e , of <: = 9 0 
as snown i n f i g u r e 2 . 1 ( c ) , t h e observed etched t r a c k 
l e n g t h w i l l be g iven by 
1 » ( V.^ j, - VQ ) t ( 2 . 3 ) 
Tne d iameter d of t h e crack opening i n c a s e of normal 
i n c i d e n c e (F ig . 2 . 1 c) w i l l be g iven by 
d 3 2 DI 
and can be deduced as fo l lows : 
From A I D C , we have 
DI 
— =« t a n e 
DC 
b u t from A AHC 
AH AH 
tan e 
DI AH 
^ JiAC)^ - (AH)2 
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or 
DI AH 
<i/2 Vgt 
^v-v> yu;t)2:7v^ t)2 
( 2 . 4 ) 
V ^ + V Q 
If we assume that tne time required to etch the track 
to the end B of i t s trajectory i s t (called the c r i t i c a l 
etching time) tnen 
t^  - - i ^ (2.5) 
where L =» AB, c a l l e d t h e maximum e t c h a b l e t r a c k l e n g t h or 
m 
e t c h a b l e range of the p a r t i c l e i n t h e d e t e c t o r m a t e r i a l . 
The equa t ions (2 .2 ) and ( 2 . 3 ) a r e v a l i d t i l l t h e 
t ime t , wMle eqn (2 .4 ) i s v a l i d th roughout beyond t , t i l l 
c o 
t h e e n t i r e c o n i c a l s u r f a c e i s e tched out and t h e ' s p h e r i c a l 
ph,ase*sets i n ( f igure l . l e ^ i . e . when t h e e tched hollow b e c o -
mes t o t a l l y s p h e r i c a l . This t ime i s g i v e n / F l e i s c h e r e t a l . 
1975)by 
t<<: 
( 1 - s i n 0) ( cos I + s i n I ) ^ 
cos e / 'cos ^ - s i n yj 
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TJae p r o j e c t e d t r a c k l e n g t h 1^ on the etched d e t e c t o r 
P 
su r face for t < t c i s g iven by 
D3 =» 1 ( s e e f i g u r e 2 . 1 b) 
In a c t u a l p r a c t i c e i t i s 1 which i s measured by a 
microscope. 
Since from f i g u r e 2 , 1 ( a ) - ^ = cos 6, or ^ ^ =» cos fi 
we have 
1 ^ 1 cos 6 ( 2 . 5 ) 
Hence the observed e tched t r a c k l e n g t h 
1„ 
1 - -^-- ( 2 . 7 ) 
cos C 
Thus, if charged particles of a certain kind (fixed 
atomic no. Z, mass no. A and energy S) enter a detector at 
different entrance angles 6 > £^ (see article 2.3 for 6 ), 
" c c 
than, although the actual etched track length L should be 
the same, the measured projected track length 1 will be 
different. Such observations have recently been made by 
Farid and Sharma (1933). 
In actual practice i t i s d i f f icu l t to etch the 
tracks jus t to the end of the p a r t i c l e ' s trajectory since 
tae observations of etched tracks are made after suitable 
32 
i n t e r v a l s of etcning t i n e , Tiie t rack ends are seen to 
remain pointed for some time and then they become rounded 
off. When l i t t l e over etching nas been done beyond t = t 
tne s i tua t ion wi l l be as shown in f igure 2 .2 . 
The value of maximum etchable t rack length or maximum 
etchable range L^ ^ of the p a r t i c l e can be ca lcula ted in 
terms of the measured projected t rack length 1 with the 
help of the following formula (Dwivedi and Mukherji 1979b) 
I ^ - - ^ . - ^ . V ^ ( t - t^) (2 .8) 
cos I s in & 
This formula can be easily understood with the help 
of figure 2.2 in which the surface etching correction A^ 
and overetching correction A are self evident. 
If the ideal assumptions of constant Vm and V^ , are 
valid, it follows from equation (2.4) that the curve showing 
the variation of diameter of track opening with etching 
time or removed layer from single surface must be straight 
lines. Such nature of diameter versus etching time or 
diameter versus removed layer curves nave been found in 
many cases especially in the beginning of etching in glass 
and plastics (Dwivedi and Mukherji 1979 a, Ahmad et al. 
1930, Farid 19a5a and b, Farid and Sharma 1935). Any 
observed deviation from linear nature of initial part of 
cl(t) ord(h) curves indicates that the assumed conditions 
I Original surface 
_ h^i _i\i 
Etched surface 
Vrt 
s i n ^ 
Ao =Vr ( t - t c ) 
Lm = 
COS*D 
+ Ac - A 0 
Fig. 2 . 2 - Showing overetching and surface etching 
corrections for etched tracksCAfter Dwived 
and Mukherj'r 1979 b) . 
o 3 
of constant V™, and V^ are not s a t i s f i e d in t h a t de tec to r 
under those etching condi t ions . Sucn deviat ions have a l so 
been observed in some cases ( see , for example. Chapter IV 
of t h i s d i s s e r t a t i o n ) . 
According to equation (2.2) the observed etched 
t rack length 1 should a l so be proport ional t o etching time 
upto t = t . Dwivedi and Mukherji Cl979b) iiave found such c 
p ropor t iona l i ty in the case of Muscovite mica, Lexan and 
Cel lulose ace ta te p l a s t i c for f i s s ion fragments enter ing 
these detec tors a t known angles <J, Farid and Sharma(1933) 
have reported s imi la r t rend for gO-ions in Makrofol 
p l a s t i c , 
2 .3 CRITICAL ANGLE (£^) AND TRACK ETCHING EFFICIENCY ( '^^) 
I t can be seen fran equations (2.1) t o (2 .4) t h a t the 
c r i cone angle 6 of the etched t rack , i t s diameter d and 
the observed etched length 1 , a l l depend upon the t rack e tch 
V V I 
r a t i o ??=• . The g rea t e r i s the value of w^ , the smaller 
^G ^G 
w i l l be the cone angle Q, the l a r g e r wi l l be the observed 
e tch track length 1 and the tracK diameter d. This r a t i o 
i s very large in mica which therefore gives needle shaped 
t r acks . In p l a s t i c de tec to r a l so t h i s r a t i o may be f a i r l y 
high and hence long conical t racks are observed i n many 
p l a s t i c s . 
I f Vrr, > Vj, a t tne de tec to r surface, the normally 
34 
entering etched t racks wi l l be revealed with 100 7^  e f f i -
ciency. However, because of the etched out l aye r s from 
the de tec tor surface during t rack development, i t turns out 
t ha t the efficiency of track reve la t ion for incl ined t racks 
i s not 100 V» . I f tne inc ident p a r t i c l e enters the de tec to r 
surface a t an angle l e s s than a c e r t a i n minimum value t 
ca l l ed the c r i t i c a l angle, i t s t rack cannot be revealed by 
cnemical etching although the condit ion Vrn > V^ i s s a t i s f i e d . 
The value of t h i s c r i t i c a l angle t can be obtained by 
making 1 =» o in equat ion(2 .2) , when t ^ t 
Thus we get 
2"" ^c = ? ; 
1 ^r 
or £„ =. sin~-^ ^ (2 .9) 
comparing equation (2.9) with equation (2.1) it is seen 
that whenever the dip angle d is equal to the semi-cone 
angle of the track, the track cannot be revealed by etching. 
The reason for the existence of the critical angle 
d^  is the fact that when d becomes equal to t the projec-
tion of etched track length along the inner normal to the 
detector surface (V™,t.sin 6 ) becomes equal to the removed 
layer (V«t) and so the entire etched track length is etched 
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out in tJie l ayer removed (Fig. 2.3b) s imi la r ly a l l t racks 
enzering the de tec tor a t angles l e s s than (. wi l l not be 
observed on the etched surface because in t h e i r case the 
surface i s removed more quiclcly than tne t racks develop 
(Fig. 2 .3c) . 
Because of zhe exis tence of a non-zero c r i t i c a l angle 
6 - the track etcning eff iciency for the SSNTD in Zn-geo-
metry cannot be 100 '/. . Obviously, those t racks w i l l not 
be revealed by etching which enter the de tec tor a t angles 
6 < 6^ measured from the de tec tor surface. c 
To find tne esqpression for etcning eff iciency \^ 
in 2n-geometry, l e t us imagine a detector surface in 
contac t witn a given point source S emitt ing charged 
p a r t i c l e s of fixed energy i s o t r o p i c a l l y in a l l d i r ec t i ons 
as shown in figure 2 .4 . V^ i s assumed to be g r ea t e r than 
VQ from the de tec tor surface i t s e l f (v iz , for f i s s ion 
fragment t racks or any other p a r t i c l e producing primary 
ion iza t ion J > J ) , Etching eff iciency ^pit ®^ defined 
as the r a t i o of number of p a r t i c l e s entering the de tec to r 
in the allowed so l id angle ( l imi ted by C \ to the t o t a l s o l i d 
c 
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Fig. 2 4 Calculation of etching efficiency T l j ^ for a SSNTD 
having a crit ical angle of 6c • 
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Bat 
7 de' (7 s in 9 d 
dA a 
r2 
-j_ $=2jt 4 *it/2-
\n --^l I ^^"^ e de d 0 
1 . rt/2~«^ 
=. - i - X 2n ( - cos e )Q 
2n 
= - [ cos ( f - e^) - cos 0) 
- [ s in i ^ - 1 ] 
or 12^= 1 - s in i^ (2.10) 
Also since sin d = -ii from equation ^2,9)» we nave 
1 2 , . X - ^ (2.1X) 
V 
Obviously, tne g r e a t e r tne value of TT^ , the saial ler 
w i l l be the c r i t i c a l angle t and tne g rea te r v/iil be the 
etching efficiency Ip/t ^ ° ^ t rack etching in 2!i-geometry, 
Khan and Durrani (1972) and Belyaev e t a l . (1930) 
have described very useful methods of finding the ef f ic iency 
and c r i t i c a l angles of SSNTDs. 
37 
Practically it is found tliat 57— can be changed to 
some extent by using different etching conditions. Attempts 
are therefore made to select an etching condition which 
gives the optimum value of 77— so that the track etching 
^G 
efficiency may be maximum and long tnin tracks may be 
obtained. In fact tne sensitivity of a given SSNTD can 
also be altered to some extent by using different etching 
conditions, in other words the critical damage or threshold 
line in figure 1.5 can be displaced up or down for a given 
detector material by using different etching conditions 
(Somogyi et al. 1969, Ahmad et al. 1930, Modgil and Virk 
1935). 
2 . 4 METHODS GSNiilRALLY EMPLOYSD FOR FINDING THE TWO ETCH 
RATES VQ AND V.J 
(A) For bulk e t ch r a t e V^ 
Genera l ly fou r d i f f e r e n t k inds of method can be employed 
f o r the measurement of bu lk e t c h r a t e VQ of SSNTDs. 
( i ) By Thickness measurement 
In t h i s method t h e t h i c k n e s s of t h e d e t e c t o r i s d i r e c -
t l y measured wi th t h e he lp of a d i a l type m i c r o t h i c k n e s s 
gauge Iriaving a l e a s t count of 1 /urn or l e s s . The t h i c k n e s s 
i s measured a f t e r s u c c e s s i v e e t c h i n g i n t e r v a l s and then t h e 
h a l f of Change i n t h i c k n e s s (Ah/2) w . r . t . t h e o r i g i n a l 
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tnickness gives tne layer removed from the single surface 
of tne detector. Finally (An/2) is plotted as a function 
of etcning time t. Generally a straight line is obtained 
(Srivastava 1971, Anmad et al. 1930) whose slope obviously 
gives the bulk etcn rate V^ 
V , -i—i-' (2.12) 
At 
Tnis method gives quick and re l iable resul ts but 
assumes that the bulk etching character is t ics from both 
the sides of the detector i s the same. Some times the 
A H 
( 2~" ) vs t curve is not found to be a straight line. This 
indicates a depth dependence of the bulk etch rate. For 
example in the case of Poly tech CR-39 (see Chapter III of 
this dissertation or Chand et al. 1931). In such cases 
the slope of the different parts of the observed curve can 
be found to calculate the bulk etch rate V^ at different 
depths. 
(2) By mass measurement 
This is also called the 'gravimetric' method. In 
this method ohe mass of a given piece of SSNTD of known 
surface area S is determined after successive etching by 
using a micro or semi microbalance. When mass of the 
detector piece is plotted as a function of etching time 
3!) 
generally a straight line i s obtained (Dwivedi and 
Muknerji 1979a). The absolute value of slope of this 
curve ( TT ) can be used to find the bulk etch rate V^  
by the formula 
1 AM y^  / am 
Vp = X — X 1 0 ^ ( ) (2.13) 
^ 2S/» At min 
Where AM is decrease in mass (in gm), At etching 
tiiae interval (in min), S area of the detector piece (in 
cm ) and p the density of the detector material (in gm/c.c ) 
Vvlvedi and Mukher.jee (1979a) nave used this method for 
e 
Lexan and mica. This metnod is more combursom^and requires 
frequent use of a semi microbalance. 
(3) By using track diameter of fission fragments 
^T This metnod is applicable in those cases where ?r- i s 
mucn larger or in othenifords v/hich show large track length 
to diameter ratio viz. mica, Lexan or some other plastics. 
For the particular case of normal entrance of fission 
^T fragments giving very large rp- (in the beginning of etching) 
G^ 
equation (2.4) reduce to 
d^ = 2 V t^ 
^f Vp = -i- (2.14) 
^ 2 t 
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Thus the b'olk etch rate V^ ^ will be equal to half 
of tne rate of increase of track diameter of fission 
fragments with time in the beginning of etching. This 
^T 
formula is not valid for the case of glass for which «— 
lies between 1 and 2 (Ahmad 1973). 
(4) By simultaneous measurement of observed track diameter 
and etched track length 
It can be proved (Fleischer et al, 1975) by using 
the track geometry of normally entering track (Fig. 2.1c) 
that 
Vgt =• I (tan e + sec 0) 
, d ^ / 2 ) 2 > l2 
^ I ( — >^  ) 
^ 2 1 1 
, d V(d/2)2 + 1^ 
V = |_ ( — 4. ) (2.15) 
^ '^^ 21 1 
Thus Y„ can be ca lcula ted i f the diameter, d, of 
Lr 
track opening and the etched track length, 1, are measured 
after a short etching time, t, for perpendicularly entering 
track. Since measurement of 1 for normally entering track 
is generally not so accurate, the method has seldom been 
used. 
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(B) For track etcn rate V^ 
Generally four different kinds of method can be 
employed for the measurement of the track etch rate V,p 
for a given kind of particle in a SSNTD. 
(1) By the slope of diameter versus etching time, D(t), 
A H 
curve or diameter versus removed layer D(y) curve 
This method is generally valid for all detectors 
if the slope of initial part of the diameter versus etching 
time (or removed layer from single surface of the detector, 
•J- ) curve is used. Equation (2.4) shows that for constant 
Vm and VQ, the track diameter, d, is proportional to etching 
time, t^(since in actual practice V™, soon starts varying 
along the track, it is advisable to use only the initial 
slope of the d^tr^curve). 
Theoretically^ the slope of d(t) curve is given by 
^T * ^ G 
Since VQ is known, Vm can be calculated if the 
initial slope of the linear experimental d versus t 
curve is used. 
(2) By direct measurement of rate of increase of etched 
track length with etching time. 
In the case of obliquely incident particle at 
known angle and having long range (viz. energetic heavy 
ion tracks in plastics) the track etch rate V^ is generally 
found from 
6L 
VT, - — (2.17) 
Where dL is the increase in etched track length in 
a small etching time ft (Cnander et al. 1933» Dwivedi and 
Mukherji 1979a). It must be remembered that corrected 
etched track length must be used in this formula by using 
the surface etching correction in the etched track length 
which in its own turn is calculated from the knowledge of 
projected track length Ip and dip angle. 
(3) By simultaneous measurement of observed diameter and 
etched track length 
This method is useful in the case of normally 
entering particle tracks. Using figure 2.1(c) we can 
write 
AC V^t 
cosec e =» — =» -=— (from AAHC) 
AH Vgt 
But from A IDC 
IC Jid/2)^ ^ l2 
cosec G =» — = 
ID d/2 
Equating the two values of cosec 0, we get 
43 
V 
T , J{d/2)^^1^ (2.13) 
^G ^ 
Where d i s the etched t rack diameter and 1 the 
etched track length a t t < t c i . e . before rounding off of 
tne tracK end. Since V^ i s knovm, Vn, can be ca lcu la ted by 
using measured values of d and 1 in equation (2 .13 ) . 
In actual p r a c t i c e , however, the measurement etched 
track length 1 of the normally inc ident p a r t i c l e t racks i s 
not so acciirate due to l a r g e r value of l e a s t count of the 
Z-axis screw of the microscope compared t o t h a t for the 
x-y motion in the F i l l e r type eyepiece wiiich i s used t o 
measure etched diameter and the projected track length . 
I t can also be shown (F le i scher e t a l . 1975) using 
f igure 2.1 (c) t h a t for etching time, t < t©, the t rack 
etch r a t e i s given by 
Vjt = —J- cosec 9 ( tan 0 + sec G) 
r ^ 2 d ^s/(d/2)^• 1^ 
V t^ = (7(d/2)2^ l2)( 1^ ^ ) (2. .19) 
From which a lso V^ can be ca lcu la ted knowing t , d and 1. 
Pr ice and Fleischer (1971) as well as Henke and Benton 
(1971) have given formul- by which the f , 9 and L can be 
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calculated in terms of tne geometry of the track. Tiaey 
Jaave also related Vrp and V^ to experimentally measurable 
quantities for oblique incidence t more than i but less 
than 90°. 
(4) By simultaneous measurement of track diameter of 
fission fragments and that of a l igh t ly ionising 
par t ic le viz. high energy a-par t ic le 
This method i s used only when the V^ of l igh t ly 
ionising part icles l ike proton or high energy alpha -
par t ic le i s required to be measured. The same plas t ic 
detector i s f i r s t i r radiated with the l igh t ly ionizing 
par t ic les as well as with heavily ionizing fission frag-
ments entering the detector surface at right angles. 
Obviously, for the diameter of the experimental 
par t ic le after etching time t we can write 
a^ = 2 V . / 7 7 7 (2-2°) 
Where Vp is bulk etch rate and has been already 
V T 
measured, and V =» ?»-=• 
Since for the fission fragment track V™, » V^ we 
should write 
d^ » 2 Vgt (2.21) 
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On dividing equation (2.20) by (2,21) we get 
on squar ing 
or 
s 
•if 
4 
4 
< 
V ( 
Y a 
V = 
- / ' " ' V V > 1 
V - 1 
V + 1 
( V t i ) =1 d | 
d^ - d2) . 
4 '"^ a 
f « 
d2 
' d^ 
1 « 
d^ 
(V-1) 
d2 * d2 
f a 
(2.22) 
Thus by comparing da t o df and us ing above equa t ion t h e 
p r e f e r e n t i a l t r a c k e t c h r a t i o V can be c a l c u l a t e d . S ince 
V =s ? ^ and V^ i s a l r e a d y known, V^ can be de te rmined . 
2 .5 ACTIVATION EI4ERGY FOR BULK STCiilNG AND TRACK ETCHING 
The bulk e t c h r a t e VQ of a SSNTD i s a m a t e r i a l 
pa ramete r and for a g iven d e t e c t o r m a t e r i a l i t depends upon 
t h e c o n t e n t s of t h e e t ch ing s o l u t i o n , i t s c o n c e n t r a t i o n 
d6 
and temperature (AJimad e t a l , 1930, Modgil and Virk 1933). 
For a given de tec tor etched in a given etching so lu t ion of 
a fixed concentrat ion, the bulk e tch r a t e i s general ly 
found to increase exponential ly with tne absolute tempera-
tu r e given by a r e l a t i o n of the form 
- Ep/KT 
VQ = A e ^ (2.23) 
where A i s constant , K i s t he Boltzmann constant 
( =. 1.33 X 10^^ J/°K =. 3.625 x 10"^ev/°K), and E ^ i s 
ca l l ed the ac t iva t ion energy for bulk etching. 
The track e tch r a t e V™, na tu ra l l y depends upon the 
mater ia l damage caused by the p a r t i c l e along i t s t r a j ec to ry . 
whicn in i t s own turn depends upon the primary ion i za t ion 
dE J or r e s t r i c t e d energy l o s s r a t e C ^ )w < ^ ^^^ hence on 
tne p a r t i c l e ' s energy, i t s cnarge and mass. For the t rack 
of a given kind of p a r t i c l e in a given de tec tor mater ia l etched 
in a given etching so lu t ion , tne t rack etcn r a t e a l so i s 
general ly found to increase exponential ly with the absolute 
temperature of the so lu t ion and given by a s imi la r type of 
r e l a t i o n 
-E»/KT 
V^ - Be ^ (2.24) 
where B is a constant and E™ is called the activati on 
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energy of track etching. 
The values of ac t iva t ion energy for bulk etching 
and track etching can be obtained by p l o t t i n g logj^Vn (or 
log^^Vrn) as a function of lOOO/T . Such curves are found 
to be s t r a igh t l i n e s (Dwivedi and Mukherji 1979a, Ahmad 
e t a l 1930, Modgil and Virk 1983) with a slope (m) t h a t 
can be shown from equation (2.9) to be given by(Ahmad e t a l . 
1980) 
Slope (m) =. - 5.035 SQ 
SQ ( in ^ =. 0.1986 xKslope)I (2.25) 
Si/oilarly using the slope of log^Q V™ versus lOOO/T curve 
tne ac t iva t ion of t rack etching w i l l be given by 
E^ ( i n ^ ) » 0.1986 x | ( s lope) j (^•26) 
We sha l l descr ibe in next sec t ion the methods of 
measuring V™, and VQ . 
When such measurements are done and the ac t i va t ion 
energy of bulk etching and t rack etching are ca lcu la ted , 
i t i s found tha t the ac t iva t ion energy for t rack etching i s 
smaller than the ac t i va t ion energy for bulk etching i . e . 
Erj, Em 
—i < 1. Farid and Sharma (1983) have found -*• - 0.97 for 
^G G^ 
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16 QO ion tracks in Makrofol plastic. Sucn results confirm 
our contention that ionizing particle produces material 
damage i.e. it primarily lowers the activation barrier for 
scission and removal of polymer molecules. In other words 
a fraction of the energy dissipated by the incident ciriarged 
particle is stored in the material and puts the damaged 
material into a higher enargy state where it is more susc-
eptible to chemical attack making V™ > V^. 
In actual practice the track etch rate V^, being 
a function of primary ionization J or restricted energy 
dE loss rate (7rf)„ ^  .. of the particle, is not constant at 
every point of the track inside the detector. It may be 
taken to be practically constant at two very near points 
on the trajectory viz. the beginning of track etching. In 
the case of alpha particle tracks in plastics, Y™ is 
found to increase towards the end of the "crack (Srivastava 
1971) while in the case of fission fragments and other 
heavy ions V™, is found to decrease towards the stopping 
end due to continuously decreasing effective charge (Somogyi 
and Szalay 1973). Fig. 2,5> shows the expected track shapes 
in the case of alpha particles and fission fragments taking 
variable Vm. The shaded width of the latent track is propor-
tional to the material daiiiage at that point or proportional 
to the track etch rate V,p. 
c<-hracJc 
^ 
Fission track Unetched surface 
(b) 
t = t, 
Fig. 2^5 (a) When damage density decreases towards the 
end , the track profile is convex o u t w a r d ; 
(b) When dannage density increases towards 
the end of the tracks the track profile is 
concave outward. 
Before concluding this cnapter it is important to 
mention that in actual practice the two etch rates V„ and 
Vrn are sometimes seriously affected by environmental condi-
tions viz. pre and post irradiation anmealing (Somogyi 
i972a, Casnati et al. 1973, Khan and Ahmad 1975, Knan 1975, 
Yadav and Snarma 1979, Sampathkumar and Iyer 1979, Green 
1930, Cnand et al. 1931, Kumar et al. 1931), presence or 
absence of oxygen and otner gases, irradiation with UV 
light, ozone etc. (Srivastava 1971, Somogyi 1972b, Henke 
et al. 1970, Benton et al. 1931) and state of stirring 
(Ahmad et al. 1930, Hilderbrand and Benton 1930). Because 
of the environmental effects on V™, and V^, the track etching 
efficiency 1™ , the etched track semi cone angle 0, the 
critical angle d , the sensitivity and other track revealing 
characteristics of the SSNTDs are also changed. The degree 
and Kind of effects are different for different detector 
materials and also for different kinds of particle (Fleis-
cher et ai. 1975). The plastic track detectors being most 
sensitive, show very varied effects. Currently we nave found 
(see Cnapter III of this dissertation) that very long storing 
at ambient conditions (snelf life ci 15 year) also alters the 
etching characteristics of plastics probably due to change 
in the degree of polymerization caused by varying tempera-
ture, humidity etc. during the long storage time. 
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C H A P T E R I I I 
ETCHING CHARACTERISTICS OF FISSION FRAGi4£NT TRACKS IN 
CR-39, LEXAN AND D4SLINEX-0 PLASTIC DETECTORS 
CHAPTER I I I 
arCHINQ CHARACTSRISTICS OF FISSION FRAGi^ BNT TRACKS IN 
CR-39, LEXAN MP MSLINSX-O PLASTIC DBTSCTORS 
3 .1 IlMTRODJCTION 
Today s e v e r a l Kinds of p l a s t i c d e t e c t o r s a r e known 
wiaicia record the t r a c k s of cnarged p a r t i c l e s . Some of t h e 
commonly used p l a s t i c s a r e c e l l u l o s e n i t r a t e s , c e l l u l o s e 
a c e t a t e s , Po lyca rbona t e s , Po lye thy l ene t e r e p h t h a l a t e s e t c . 
Table 5 .1 g ives the l i s t of some we l l known p l a s t i c d e t e c t o r s 
i n o rde r of i n c r e a s i n g s e n s i t i v i t y along w i t h t h e i r chemical 
composi t ion and t h e l e a s t i o n i z i n g i on t h a t has ever oaen 
d e t e c t e d by them. I t i s seen t h a t t h e CR-39 and c e l l u l o s e 
n i t r a t e p l a s t i c s can even record t h e t r a c k s of p ro tons wh i l e 
po lyca rbona te s cannot r ecord them. Although t h e p o l y c a r b o n a t e s 
(Lexan, Makrofol e t c . ) do n o t recoi \ i e tc l iable t r a c k s of 
p r o t o n s , tney do r ecord t h e t r a c k s of low energy a lpha p a r t i c l e s 
and a l l o the r heav i e r i o n s i n c l u d i n g f i s s i o n f ragments . S imi -
l a r l y the po lye thy lene t e r e p h t h a l a t e p l a s t i c s l i k e Melinex and 
Cronar do no t record t h e t r a c k s of a lpha p a r t i c l e s and p r o t o n s 
b u t they do record t h e t r a c k s of h e a v i e r i o n s above ^B. Such 
t h r e s h o l d c n a r a c t e r i s t i e s of p o l y e t h y l e n e t e r e p h t h a l a t e 
p l a s t i c d e t e c t o r s can e a s i l y be unders tood w i t h r e f e r e n c e t o 
f i g u r e 1.5 and can be very u s e f u l l y u t i l i z e d fo r t h e d e t e c t i o n 
of f i s s i o n fragments w i thou t r eco rd ing the t r a c k s of l i g h t e r 
5G 
TABLE 3»1 
List of some plastic track detectors in order of increasing 
sexisitivity 
Name of plastic detector Chemical composition Least ioni-
zing ion 
detected 
Polyetnylene CHp 
Polyvinglchloride (PVC) Cii:,Cl*C 
Polyimide ^H^UPL^'^2 
•zKjj.Ty^') n U C l 
Polyet i iy lene t e r e p h t n a l a t a CcH^Op 
(Cronar , Melinex, Mylar) -^  
Polyoxymethyleae ( D e l r l n ) CH,0 
Bisphenol A-polycarbonate C-,/iH, ^ 0 , (Lexan, Makrofol, Kimfol, xo XH ;> 
Merlon) 
F i s s i o n fragments 
42 MeV ^^S 
36 MeV •'•^ O 
14 
23 i4eV -^  i^  
28 MeV "^ •'•B 
0 .3 MeV He 
C e l l u l o s e t r i a c e t a t e 
( C e l l i t - T , T r i a f o l - T , 
Kodacel TA-401 
u n p l a s t i c i z e d ) 
C^Ai^O^ 3 MeV rie 
C e l l u l o s e a c e t a t e 
B u t y r a t e ^12%3°7 
3 MeV He 
C e l l u l o s e n i t r a t e 
(Dale e l l , Ni xon-Baldwin) 
Poly t e c h CR-39 
C6Ha09^2 
^12^13°^ 
0.55 MeV -^ H 
1 MeV p r o t o n 
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ciiarged p a r t i c l e s l i k e a lpha p a r t i c l e s , p ro tons e t c . 
Prom a v a i l a b l e l i t e r a t u r e on SSNTD ( F l e i s c h e r e t a l . 
1975) , i t i s found t h a t f i s s i o n fragments have been recorded 
most ly by using Lexan and Makrofol p l a s t i c d e t e c t o r s . Vary 
few people have used Mel inex-0 p l a s t i c which i n our op in ion 
i s b e t t e r than Lexan and Makrofol p l a s t i c s because i t does 
n o t record t h e t r a c k s of a lpha p a r t i c l e s . Also t h e back-
ground e t c h p i t s developed due t o impe r f ec t i ons i n t h i s 
p l a s t i c a r e much l e s s and e a s i l y i d e n t i f i - a b l e than t hose 
i n t h e case of Lexan and Makrofol e t c . 
Tne aim of the p r e s e n t i n v e s t i g a t i o n s was t o s tudy 
t h e f i s s i o n t r ack r eco rd ing c h a r a c t e r i s t i c s of some s u i t a b l e 
p l a s t i c d e t e c t o r s and then t o use them fo r t h e d e t e r m i n a t i o n 
of uranium con ten t i n c e r t a i n m a t e r i a l s of common use by 
r eco rd ing f i s s i o n t r a c k s from t h e ( n , f ) r e a c t i o n s . 
In t h i s c n a p t e r we d e s c r i b e t h e r e s u l t s of our s t u d i e s 
on f i s s i o n t r a c k r eco rd ing c h a r a c t e r i s t i o s i n some p l a s t i c 
d e t e c t o r s a v a i l a b l e to us v i z . Mel ine»-0 , Lexan and CR~39. 
3.2 EXPERIMENTAL DETAILS 
(A) P l a s t i c d e t e c t o r s and source of f i s s i o n fragments : Tab le 
3.2 g i v e s t h e d e t a i l s of t h e p l a s t i c s used i n t h e p r e s e n t 
i n v e s t i g a t i o n s . 
rro 
On 
TABLE 5.2 
Details of plastics used In present investigations 
S.No, Name of the plastic Name of 
with (Chemical manufacturer 
composition) 
Original 
thickness 
in/um 
(approx.) 
1 . 
3. 
CR-39 (Allyl 
diglycol carbonate, 
^12%a°7^ 
Lexan (Bisphenol 
A-polycarbonate, 
Cl6«l403> 
Poly tech . Inc. 
Ovens Wille 
(U.S.A.) 
General E lec t r ic 
P l a s t i c s Dept . , Mt 
Vernon, Indiana, 
(U.S.A.) 
Melinex-0 (Polyethy- Imperial Chemical 
lene t e reph tha la te , I n d u s t r i e s L td . , 
S^4^2^ London (England) 
1 ^ 0 
250 
100 
The source of f i s s ion fragments used was a planehet 
type Cf-252 spontaneously f i s s ion ing source purchased from 
Oak Ridge National Laboratory Tennessee 37330 USA. The 
o r ig ina l a c t i v i t y of tne source on the date of shipment 
was l e s s than 1 Aci. The source contained 27 x 10" gm 
of Cf-252 deposited on a c i r c u l a r area of 1 cm diameter on 
a Nickel plancbet of diameter about 3 cm and thickness 0.01 
inch. 
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This source giV' ^ f i s s ion fragments as well as 6 MeV 
alpha p a r t i c l e s . The source has become very weak now and i t 
r equ i res about 24 hrs . of i r r a d i a t i o n to ge t a t rack dens i ty 
of the order of 10 f i s s ion tracks/cm . 
(B) I r r a d i a t i o n and etching : The p l a s t i c de tec tors were cu t 
to s i ze 2 cm X 2 cm and were e3q)osed to Cf-252 f i s s ion frago^nts 
in almost 2n-seometry. The a i r gap between the source and 
the de tec to r surface was equal t o the thickness of a computer 
card and i t reduced the energy of f i s s ion fragments by about 
1 MeV, Thus the recorded f i s s ion fragments were almost of 
f u l l energy but entering tne de tec tor a t a l l angles . Obviously, 
only those fragments could give etchable t racks whose entrance 
angle was g rea te r than the c r i t i c a l angle for the d e t e c t o r s . 
The etching condit ions used by us for the f i s s ion 
fragment t racks in our p l a s t i c s are summarized in t ab le 3 . 3 . 
which a l so mentions the time a t which the f i s s ion t racks 
f i r s t appeared having measurable dimensions > 3 yun. 
In the f ina l measurements, we used only NaOH etchants 
for a l l the three p l a s t i c s . The so lu t ion was made in 
d i s t i l l e d water. The etching was done by suspending the 
p l a s t i c detectors in the etching so lu t ions contained in a 
conical f lask and maintained a t a constant temperature wi th 
jh 0.1°C accuracy by placing i t in an u l t ra thermosta t 
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TABLE 3 .3 
D e t a i l s of e tch ing c o n d i t i o n s ased i n the p r e s e n t 
i n v e s t i g a t i o n s 
Name of p l a s t i c Etching Etching Etching t ime ( i n 
s o l u t i o n temp. min) a f t e r which 
f i n °C) measurable f i s s i o n 
^ ' t r a c k s appeared 
CR-39 
Lexan 
Melinex-•0 
6N, NaOH 
6N, NaOH 
6N, KOH 
6N, NaOH 
70 
60 
50 
60 
30 
15 
300 
30 
(Poland make). No s t i r r i n g was done b u t i n t e r r u p t e d e t c h i n g s 
of d e f i n i t e i n t e r v a l s (15 t o 30 minutes) were used t o avo id 
the e f f e c t s of e t c h p roduc t l a y e r s (Yadav and Sharma 1979) . 
The d e t e c t o r s were washed t ho rough ly^ in flowing wa te r up to 
20 minutes a f t e r eacn e t ch ing and then d r i e d by p u t t i n g them 
a t a d i s t a n c e of -^ 50 cm from an i n f r a - r e d lamp, b e f o r e obs -
e r v a t i o n s under a microscope. The change of c o n c e n t r a t i o n of 
e t c h a n t due t o evapora t ions was minimized by cover ing t h e 
e tch ing f l a sk w i th aluminum cups c o n t a i n i n g wa te r . 
(C) Measurements : The t h i c k n e s s of t h e p l a s t i c d e t e c t o r s 
was measured be fo re and a f t e r each e t ch ing using a Japan make 
d i a l type t h i c k n e s s gauge having a l e a s t count of 1/um. The 
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thickness data are the average of at least 15 measurements 
carried after each etching time. These measurements were 
used to find the bulk etch rate (VQ) . The diameter of 
circular track openings (minor axis in the case of oblique 
incidence) were measured by using the Poland make screw 
micrometer eyepiece (OK 15 KM) having a least count 0.2/im at 
a magnification of 500 X. The track diameter data in our 
results are the average value of measurements made at least 
on 50 tracks. The track length data are the average of 50 
measurements made on longest observed tracks in a field over 
50 different fields of view. Tne error bars in these measu-
rements are of the size of the circles enclosing the observed 
points. Most of the measurements were made by using the 
Olympus binocular research microscope. 
The projected track lengths of longest tracks observed 
in a field of view was also measured using the micrometer 
eyepiece (L.C. =» 0.2 yum) at 600 X. 
For the measurement of track density the microscope 
eyepiece was provided with a square graticule whose area was 
calibrated with the help of a Japan make stage micrometer 
glass slide. 
3.3 RESJLTS AND DISCJSSION 
(A) FISSION TRACKS IN CR-39 PLASTIC 
6 
Bulk etcn r a t e and diameter measurements : Table 3 . ^ shows 
tne observed data of average values of thickness as well as 
the average diameter of f i s s ion fragment t racks in the case 
of Polytech CR-39 p l a s t i c etcned in 6N, NaOH a t 70^C. Thick-
ness was measured a t 15 places and the average has been given 
in the t ab l e . The diameter data i s the average value of 
diameter measurements made on a t l e a s t 50 f i s s ion fragment 
t rack openings (both due to l i g h t e r and neavier fragments). 
In the CR-39 de tec tor i r r a d i a t e d with Cf-252 f i s s i on 
fragments scarce, both tne f i s s ion fragment t racks as well 
as the 6 WeV alpha p a r t i c l e t racks could be eas i ly i d e n t i f i e d . 
Tne f i s s ion fragment t rack diameters were much l a r g e r than 
tne 6 ReV alpha p a r t i c l e t racks which appeared as mere dots 
( ^ 4/jm) a f t e r 2 hrs etching (Chand 1931). In ac tua l p r ac -
t i c e the measurement of projected t rack length of f i s s i o n 
fragments did not seem to be poss ib le in Polytech CR-39 p l a s t i c 
because most of the trackSshowed almost c i r c u l a r opening. 
This may be due to l a r g e value of c r i t i c a l angle 6 for t h i s 
c 
de tec to r . 
The data of t ab l e 3,4 are displayed in f igureS3.1 (a) 
t o 3.1 ( d ) . From f igure 3.1(a) i t i s seen tha t i n the case 
of Polytech CR~39 de tec to r the thickness f i r s t decreases 
slowly and then very fas t a f t e r 3 h r s . From f igure 3.1 (b) 
we see tha t we are not ge t t i ng a s t r a i g h t l i n e for the l a y e r 
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removed ve r sus e t ch ing t ime c u r v e . I t means tJ ia t t h e bu lk 
e t c h r a t e V^ of t h i s d e t e c t o r i s d i f f e r e n t a t d i f f e r e n t 
e t c h i n g time or i n o t h e r woixis i t i s d e p t h dependent . The 
average va lue of bulk e t c h r a t e VQ upto f i r s t two hrs of 
e t c h i n g i s seen t o be •^. 0 .3 /um/hr , b u t a f t e r t h a t i t i n c r e a -
s e s esqponentially be ing 6,25 yum/hr a t 3 h r s , 16 /am/hr a t 
k o rs and so on. Such d e p t h dependence of VQ i n t h e c a s e 
of CR-39 p l a s t i c d e t e c t o r s has a l r e a d y been r e p o r t e d by many 
workers (Adams J r , 1932, Chand 1931 , Somogyi and Hunyadi 1930, 
Thompson e t a l . 1979, Turner e t a l . 1932) . 
Figure 3 .1 (c ) shows t h e d iamete r growing c u i v e f o r 
f i s s i o n fragments i n t h e P o l y t e c h CR-39 t r a c k d e t e c t o r . 
T n e o r e t i c a l l y sucn a curve should be s t r a i g h t l i n e i n t h e 
beg inn ing of e tch ing i f V™ and V^ a r e c o n s t a n t (Somogyi e t 
a l , 1973) . But i n t h e c a s e of P o l y t e c h CR-39f t h e observed 
d e v i a t i o n of p o i n t s from s t r a i g h t l i n e must be due t o t h e 
d e p t h dependence of VQ, This p o i n t i s c l e a r l y b rought about 
i n f i g u r e 3 .1(d) which i s a p l o t of d i ame te r of f i s s i o n 
fragment t r a c k s ve r sus removed l a y e r from s i n g l e s u r f a c e of 
t h e CR-39 d e t e c t o r . The u n e e bends i n f i g u r e s 3 .1 ( c ) and 
(d ) correspond t o t h e phenomenon of v a r i a t i o n of VQ w i t h 
d e p t h as seen from f i g u r e 3 .1 ( b ) . 
(b ) FISSION TRACKS IN LEXAN PLASTIC 
Bulk e t c h r a t e , d i ame te r and p r o j e c t e d t r a c k l e n g t h measurementsi 
Table 3.5 shows t h e observed d a t a of average v a l u e s of 
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tMckness of Lexan de tec to r , t rack diameter and projected 
t rack lengtia for Cf-252 f i s s ion fragment t racks recorded in 
Lexan p l a s t i c de tec tor etched in 6N, NaOH a t 6o°C, as a 
function of etching time. The thickness was observed to 
increase with etching t ime. I t means t ha t our Lexan pieces 
showed swelling tendencies with etching time. We have not 
seen any such report for Lexan in the l i t e r a t u r e . Since the 
Lexan used by us was kept i n our laboratory shelf for about 
15 years , i t i s poss ib le t h a t i t s bulk etching c h a r a c t e r i s -
t i c s have changed over t h i s long period a f t e r i t s manufacture 
due to f luctuat ions in temperature, humidity and other 
environmental condi t ions . The observed f i s s i on t r acks were 
long and th in in the case of the Lexan de tec to r resembling 
the snape of match-st ick. The t rack diameter or minor axis 
of the t rack openings was qui te small ( < 2/um) but the 
l eng th to diameter r a t i o was much l a r g e r ( 5 . 5 - 3 . 0 ) . Since 
the diameter also did not increase l i n e a r l y with etching 
time (due to observed swelling effect in t h i s p l a s t i c ) , the 
bulk etch r a t e V^ could not be ca lcu la ted using the diameter 
growing curve. However V^ can be ca lcula ted in t h i s case 
from d_ =» 2 V^t, because V^/VQ i^  1 due t o l a rge Ip /d r a t i o . 
When such ca lcu la t ions are done, i t i s found t h a t V-, =» 2.18 
/um/hr a t the beginning (from t =» 15 minute d a t a ) . While i t 
decreases with etching time. The value of V™, ca lcu la ted 
from f i r s t data of projected t rack length i s given V™ =« 
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t " § ^ 5 "* 32 .3 /um/hr . Thus t h e a t c h r a t e r a t i o 
V " 
V = ?7^ » 3 2 , 3 / 2 . 1 3 c:i 1 3 . This v a l u e g i v e s a c r i t i c a l 
ang le ox 6 « s i n " (1/V) « 3«B° fo r Lexan and an e t ch ing 
c 
e f i i c i a n c y ^2% ~ 55.3*/« . This v a l u e i s c l o s e t o t h e 
measured e f f i c i ency ^ptr ^^  9 5 . 3 r e p o r t e d by Khan and Durran i 
( 1972 ) . I t i s thus seen t i i a t a l t h o u g n our Lexan p l a s t i c 
nas undergone some change i n i t s bulk e t c h c h a r a c t e r i s t i c s , 
i t s e f f i c i e n c y for e t ch ing of f i s s i o n fragment t r a c k s i n 
2a~geometry has no t cnange i much. I t cajri t h e r e f o r e be 
s t i l l used fo r s tudy ing f i s s i o n r e a c t i o n s or fo r measuring 
u ran iua c o n t e n t i n m a t e r i a l s us ing ( n , f ) r e a c t i o n s . For 
e t c h i n g the f i s s i o n fragment t r a c k s recorded i n Lexan d e t e c -
t o r , t h e aioi?t a p p r o p r i a t e e t c h i n g t ime i s 45 minute i n 6N, 
NaOH a t 60*^0, as i s evidenced from f i g u r e 3»2 wiiich shows 
the observed v a r i a t i o n of p r o j e c t e d t r a c k l e n g t h w i t h 
e t c h i n g t ime . Before concluding our d i s c u s s i o n about Lexan, 
i t v\fill be worthwhile t o mention t h a t NaOH seems t o be a 0e t er 
s o l u t i o n fo r Lexan t han KOH because i n NaOH t n e f i r s t t r a c k s 
appeared a t 15 min e t ch ing wtiile i n KOH tney appeared a f t e r 
5h r s ( s e e t a b l e 3 . 3 ) . 
(C) FISSION TRACKS IN MELINEX-0 PLASTIC 
Bulk e t c h r a t e , d i amete r and pro. jected t r a c k - l e n g t h 
measurements : Table 3 .6 shows t h e observed da ta of average 
v a l u e s of t h i cknes s of the p l a s t i c , t h e t r a c k d iarae ter and 
C f - 2 5 2 Fission t racks in Lexan polycarbonate 
etched "in 6N, NaOH, 60**C. 
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Fig. 3-2 
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projected track length of Cf-252 fission fragment tracks 
recorded in Melinex-0 detector etched in 6N, NaOH at 6o°C 
as a function of etching time. I t i s seen that unlike the 
Lexan detector which showed swelling, the thickness of 
Meiinex-0 detector i s decreasing direct ly with etching time 
(Figure 3.3a). We have plotted removed layer from single 
surface of the detector as a function of etching time in 
figure 3.3(t)). The slope of the s t ra ight l ine direct ly 
gives the bulk etch ra te . Thus VQ for Meiinex-0 comes out 
to be O.S3/um/hr. Figure 3.3(c) shows the diameter growing 
curve of fission fragments in the Melinex-O plast ic detector, 
Tne cuive i s not s tar t ing l inearly from t = 0. This feature 
i s e:^ected theoretically because of the facx that the 
fission fragments deposit very large amount of energy in the 
beginning of thei r trajectory and thus energy loss decreases 
as tney penerate deeper and deeper into the p l a s t i c . 
Figure 3.3 (d) shows the variat ion of projected track 
length of fission fragments in Melinex-0 p las t ic as a function 
of etcning time. Tne value of V™ calculated from f i r s t data 
of track length comes to be 3,4/jm/hr in the beginning. Thus 
the track etch ra t io V » V^ / V^ » 3.4/0.33 = 10.12. Which 
gives the c r i t i c a l angle of track etching 6c =• sin" (l/V) -
5.67° leading to a track etching efficiency ^ ^ « 90.1 */. 
This value i s in close agreement with the value 93.71 '/. obta-
ined from the data of (Somogyi et a l . 1969) who used fission 
C f - 2 5 2 Fission t racks in Mel inex-O etched in 
6N, NaOH, 60°C 
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fragments en t e r i ng the d e t e c t o r a t 30° . I t i s seen t h a t t n e 
s a t u r a t i o n va lue of about 11.52/am i n p r o j e c t e d t r a c k l e n g t h 
r a a c n e s a f t e r 2 hrs of e t ch ing i n 5N, NaOH a t 50 C. However, 
i n a c t u a l f i e l d of view t n e t r a c k s end appeared t o remain conica l 
only upto an e tch ing t ime of 90 minutes a f t e r which the 
c o n i c a l ends s t a r t e d rounding off. Also t h e Ip/^^ r a t i o i s 
seen t o decrease (Table 5.6) beyond 90 minute e t ch ing t ime , 
when t h e over e tching of t r a c k s e t s i n . Hence t n e .aost 
a p p r o p r i a t e e tch ing t ime for t h e e tch ing of f i s s i o n t r a c k s 
i n Melinex-0 p l a s t i c was decided t o be 90 adnutes for e t c h i n g 
i n 6 N , NaOH s o l u t i o n maintained a t 60*^r:. 
Before concluding our d i s c u s s i o n , we would l i k s t o 
mention our obse rva t ion t h a t the etcned t r a c k s i n Melinex-0 
were of b e t t e r con i ca l shape than i n the Lexan p l a s t i c which 
g i v e s almost c y l i n d r i c a l t r a c k s due t o much l a r g e r I p / d r a t i o . 
Also t h e number of background e t c h p i t s an i e tched s c r a t c h e s 
i n Msiinax-O were much sma l l e r than those i n Lexan. I t i s 
f o r t h e s e reasons t h a t we have p r e f e r r e d Melinex-0 over 
Lexan f o r using them as d s t a c t o r s wni le measuring t h e uranium 
c o n t e n t i n tube-wel l wa te r samples as d e s c r i b e d i n t h e nex t 
c h a p t e r . 
3 . 4 CONCLUSIONS 
Our study r e g i s t r a t i o n of f i s s i o n t r a c k s i n tjie t h r e e 
p l a s t i c s v i z . the CR-59, Lexan and Malinex-O l e a d s us t o t h e 
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following conclusions : 
(1) Tne Polytech CR-39 shows a depth dependence of bulk 
etch ra te VQ, whica i s a ser ious drawback for ca lcu-
l a t i n g tne ^r^^Q r a t i o for f i s s ion t racks in t h i s 
p l a s t i c , 
(2) Since most of the f i s s ion t racks excned in the Poly-
tech CR--39 have c i r c u l a r opening even in 2f t - i r radiat ion 
geometry, i t implies t h a t tne c r i t i c a l angle for 
r eg i s t r a t i on of f i s s ion tracKs in CR-39 i s f a i r ly 
l a rge , 
(3) Since tne Polytecn CR-39 a l so recorxis the t racks of 
a lpha-par t i c l e s along witn tne f i ss ion traCKs but the 
i»leiinex-0 does not record tne alpna t r a c e s , i t i s 
concluded t h a t i4elinex-0 i s more useful for studying 
(n , f ) reac t ion as compared to the CR-39 p l a s t i c . 
(4) Although our Lexan de tec to r piece show a ' swel l ing ' 
effect in etching so lu t ion , the t rack etching e f f i -
ciency for f i s s ion t racks in 2n-georaetry i s 93.3 7. when 
etched in 6N, NaOH az 6o*^C. 
(!?; The most appropr ia te etching time for etching the 
f i ss ion fragment t racks in Lexan de tec to r in 6N, NaOH 
a t 6o°C i s 4^ minutes. 
(6) Jnl ike Lexan and Polytecn CR-39 p l a s t i c s , the MelineXr-0 
17, 
p la s t i c shows a constant balk etch r a t e V^^ with 
etching time. 
(7) The shape of f i s s ion fragment t racks in Melinex-O 
i s be t t e r and more conical than in Lexan p l a s t i c . 
(3) The track etctiing efficiency of Melinex-0 for f i s s i on 
t racks in 2w-geometiy i s 90.1 */, • 
(9) The most appropria te etching time for ge t t ing conica l 
f i ss ion fragment t racks in Melinex-0 p l a s t i c etched 
in 6N, NaOH a t 60°C i s 90 minutes. 
(10) Altnough the efficiency value ^2 of Melinex-0 i s 
l i t t l e smaller than tha t of Lexan, never the less , 
because of n ice conical t racks and l e s s number of 
etched background and imperfect!oxis, the Melinex-0 
p l a s t i c i s preferable over Lexan p l a s t i c for studying 
(n,f ) r eac t ions . 
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C H A P T E R IV 
DETERMINATION OF URANIUM CONTENT OF WATSR SAMPLES USING 
PLASTIC TRACK DETECTOR 
CHAPTER IV 
DalSRMINATION OF URANIIM CONTSNT OF WAT^ R SAMPLflS USING 
PLASTIC TRACK DaTaCTOR 
4 . 1 INTRODUCTION 
Jraniuai i s found n a t u r a l l y in, the underground and 
s u r f a c e waters because i t comes i n c o n t a c t w i th s e v e r a l 
io inera i s i n s i d e t h e e a r t h and on i t s aounta ineous c o u r s e . 
Xne concen t r a t i on ox uranium i n a few ores ranges between 
40 t o 60 7. and about 100 a i ineral s p e c i e s have 1 ' / of uranium 
or iiiore. Tne average c o n c e n t r a t i o n of uranium i n the e a r t h ' s 
c r u s t i s 4 X l o " "/. (Hursh and Spoor 1973) . Uranium i s found 
i n g r a n i t e , metamorphic rocks , l i g n i t e , monazite sands and 
pnosphate d e p o s i t s and a l s o i n m i n e r a l s l i k e u r a n i n i t a , 
c a r n o t i t e and p i t c h b l e n d e . The uranium c o n c e n t r a t i o n i n 
phosphate rocks can be as h igh as 0 .12 mgm/gm CRoessler e t a l . 
1979) . Uranium c o n c e n t r a t i o n i n sea water ranges from 0 .3 t o 
3.0A»sna/l (Turekian and Chan 1971 , Rona e t a l . 1956) . 
Recent ly t h e importance of f ind ing t h e degree of 
uranium contaminat ion i n d r i n k i n g and i r r i g a t i o n wa te r s i s 
be ing i n c i e a s i n g l y r e a l i s e d . A knowledge of U-content i n 
such wa te r s w i l l be useful from t h e p o i n t of view of h e a l t h 
p h y s i c s , pub l i c h e a l t n s e r v i c e and e c o l o g i c a l changes . The 
7fi 
Office of Drinking Water under JS Environmental Pro tec t ion 
Agency provides advice on hea l th ef fec ts from the underground 
contaminants found in drinking water. Drury et a l . (1931) have 
reported tiiat uranium content in JS underground water ranges 
from 0.01 to 652 p c i / 1 (0.015 to 973/Jgm/l) . While Edgington 
(1965) has reported t h a t U-content ranges from 0.11 to 640 
^ m / 1 in US tap waters . Recently Cothern and Lappenbusch 
(1933) have reported a value of U-content of 0.009 t o 2.030 
p c i / l (0.013 to 3.1 yugm/l) i n some drinking water samples in 
the U S. 
In India no ser ious and cons i s t en t attempt seems to 
have been made on findirig J-content of drinking water. 
Lai e t a l . (1975) nowever, have reported U-content of 1.6 
to 7.3 ^ m / 1 in hot spring waters from Himalayan region, 
while Talukdar e t a l . (1933) have reported U-content ranging 
from 0.03 to 5.32/igm/l in some water samples from Gauhati, 
Barpeta and t^angaldai. we have a plan of measuring J-content 
of drinKing underground and surface water from important 
c i t i e s of J .P . and other s t a t e c a p i t a l s in Ind ia . This 
Chapter describes our experiences and r e s u l t s on measure-
ment of U-content i n three water samples co l l ec ted from 
widely separated tube-wells in our un ivers i ty campus. 
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4.2 RELATIVE MERITS AND DEMERITS OF SOME TBCHNIQaES USED 
FOR MEASUREMENT OF TRACE QUANTITY OF URANIUM 
Although s e v e r a l metxiods sucn as Mass spec t ro i ae t ry , 
A c t i v a t i o n a n a l y s i s , F luo rescence , Delayed neu t ron c o u n t i n g . 
Radiometr ic method. A l t e r n a t i n g c u r r e n t po iarography e t c . 
e x i s t f o r t he e s t i m a t i o n of t r a c e q u a n t i t i t i e s of Uranium^ 
the s o - c a l l e d So l id S t a t e Nuclear Track De tec t i on (SSNTD) 
Technique ( F l e i s c n e r e t a l . 1975) us ing ( n , f } i -eact ion i s 
t h e most s u i t a b l e , l e s s expensive and e q u a l l y a c c u r a t e (10* / . ) . 
R e l a t i v e m e r i t s and demer i t s of t h e So l id S t a t e Nuc lea r 
Track Detec t ion (SSNTD) and competing t echn iques a r e summari-
zed i n Table 4 .1 ( a f t e r F i s h e r 1975) . 
TABLE 4 . 1 
D i f f e r e n t t echn iques a v a i l a b l e f o r u ran ium-de te rmina t ion and 
the l i r r e l a t i v e m e r i t s and demei-its ( a f t e r F i s h e r 1975) 
Technique M e r i t s Demerits 
Mass spect rometry p r e c i s i o n and accioracy c o s t and d i f f i -
i s o t o p i c a n a l y s e s c u l t y , c o n t a m i n a t i o n 
A c t i v a t i o n a n a l y s i s low c o s t 
no con tamina t ion 
Fluorescence 
Delayed neut ron 
count ing 
cheap and r a p i d 
r a p i d 
u-', 
d i f f i c u l t jhl05( accuracy 
reac to r necessary 
^ppm l i m i t 
c ontaminati on 
r eac to r necessary jf 10?^  accuracy 
T^ppm l i m i t 
c o n t d . . . 
^"^-^1^ cJi 
TA3LS k,l (Cont inued) 
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Technique Mer i t s Demerits 
Radiometr ic Cheap and r a p i d 
A l t e r n a t i n g c u r r e n t cheap 
polarography f a i r l y r a p i d 
SSNTD cheap and r a p i d 
con tamina t ion 
u s u a l l y r e c o g n i -
z a b l e , smal l sample 
s i z e l owes t l e v e l s 
(sub-pp>) mapping 
l a r g e sample s i z e 
-^ppm l i m i t 
>^ ppm l i m i t 
jf 10 7. accuracy 
A few vjords about tiie rainarks i n t n e demer i t s column 
a r e n e c e s s a r y . 
By d i f f i c u l t y ' i n the c a s e of mass spec t romet ry 
t e c n n i q u e , i t i s meant t h a t a r e l a t i v e l y i i igher l e v e l of 
t r a i n i n g i s necessa ry be fo re one cari beg in t o tui 'n ou t 
d a t a and t h a t i t w i l l be very d i f f i c u l t and u n d e s i r a b l e t o 
use t h e technique i n r o u t i n e m a t t e r s r e q u i r i n g a n a l y s e s of 
s e v e r a l d i f f e r e n t samples . S i m i l a r l y i n t h e d e t e r m i n a t i o n 
of Uranium by a c t i v a t i o n a n a l y s i s , the ^ d i f f i c u l t y ' a r i s e s 
i n s e l e c t i n g and s e p a r a t i n g a s e l e c t e d f i s s i o n p roduc t from 
a l l t h e hos t t h a t a r e produced. 
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By 'contamination' i t i s not intented to imply tiiat 
contamination cannot be avoided but that i t i s a problem to 
be dealt with and that several analyses in the l i t e r a tu re 
are suspect because of th is reason. Although contamina-
tion i s always a problan in trace element analysis at the 
ppb-level by any method, i t i s usually recognizable in the 
SSNTD technique, i f not to ta l ly avoidable (Fisher 1970). 
Similarly, by 'reactor necessary* in the case of 
Activation analysis and Delayed neutron counting technique , 
i t i s meant that the eicperimenter must be within the experi-
mental distance from the reactor because generally short half• 
l ives are involved in the measurements. Although the use of 
a nuclear reactor i s also necessary in the case of SSNTD 
technique, the actual experimenter i s not required to be 
present near the reactor. The prepared samples containing 
the uranium as trace element can be sent to the nuclear 
reactor along with the p las t ic track detector attached to 
i t for neutron i r radiat ion in the service fac i l i ty of the 
reactor. Irradiated samples need some time for radioactive 
*cooling* after which they are despatched to the esqaerimenter 
by post. The experimenter can etch the detector and analyse 
the data at his convenience. 
Since the SSNTD technique of uranium determination i s 
:> 3*3 based on '''U(n,f) reaction, the isotopic abundance ra t io 
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U/ 'u must be accurately known. In the cases where 
tnere are cnances of cnange of the isotopic abudance ratio 
and that is unknown, this technique will not apply. Rydell 
and BUsher (1971) have already shown that trace element 
analysis of uranium content in sediments at ppb-level measured 
by the Fission Track Technique are in agreement (^  10 */.) with 
those measured by Alpha spectrometry and Activation analysis. 
The application of fission track method for deter-
mination of uranium in water samples was first reported by 
Fleischer and Lovett (1963;. Many other workers Bertine 
et al, (1970), Piesch and weng (1972), Wald and Wiegand 
(1973) and Lai et al. (1975) used similar methods in succe-
ssive years. Iyer et al. (i973 and 1974) were tne first to 
discuss in detail the experimental implications of dry* 
and 'wet* methods of fission track registration technique 
for determination of uranium in solutions. In the 'dry* 
metnod a plastic detector is Kept in perfect contact (2rt-
geometry) with a plane net having a dried drop of uranium 
containing solution on it. The combination is irradiated 
witn appropriate flux of thermal neutrons and the resulting 
fission tracks are used to find uranium content. Invariably 
non-uniformity of track density is observed in such cases 
and it requires the counting of total number of tracks which 
is quite time consuaxing for routine work using "Visual 
counting in the optical microscope. 
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In the 'wet* method a p l a s t i c d e t e c t o r i s kept hanging 
i n a sea led po lypropylene tube c o n t a i n i n g uranium s o l u t i o n , 
Tne combination i s i r r a d i a t e d w i t h a p p r o p r i a t e f l u x of t h e r -
mal n e u t r o n s . The r e s u l t i n g t r a c k d e n s i t y i n t h e p l a s t i c 
d e t e c t o r i s very uniform and coun t ing of some t e n s of f i e l d s 
i n t h e o p t i c a l microscope e a s i l y g ive s t h e uranium c o n t e n t . 
We have used t h e 'wet* method of I y e r e t a l . (1973) 
f o r de t e rmina t ion of uranium c o n t e n t i n t u b e - w e l l wa te r used 
fo r d r ink ing purpose i n the A l i g a r h Muslim U n i v e r s i t y Campus. 
In tne sequence we d i s c u s s t n e under ly ing p r i n c i p l e 
of uranium de t e rmina t i on by 'dry* as wel l as 'wet* methods 
( a f t e r I y e r e t a l . 1973 and 1974) . 
4 .3 PRINCIPLE OF SSNTD TS3CHNIQJS FOR U-J^TERi'lINATIOI^ 
( A ) Dry method : When t h e p l a s t i c d e t e c t o r i s k e p t i n p e r f e c t 
c o n t a c t (2ic-geometry) w i th t h e dry p l a n e h e t t e d f i s s i l e m a t e r i a l 
and t h e combination i s i r r a d i a t e d w i t h thermal n e u t r o n s i n a 
r e a c t o r t h e r e s u l t i n g t o t a l number of f i s s i o n t r a c k s r eco rded 
on t h e p l a s t i c d e t e c t o r snould be g iven by 
W W I I oj (|) t (4.1) 
wnere T = total number of fission tracks recorded on the 
plastic detector. 
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W = [_iass of uranium (gm) 
K^ 3 Propor t iona l i ty constant (depending upon the 
t r a c k - r e g i s t r a t i o n efficiency of the de tec tor ) 
and i s dimensionless. I t s value for most of 
the de tec to rs l i e s between 0.9 to 1 (Khan and 
Durrani 1972). 
N a Avogadro's number (6.025 x 10 molecules/gm 
mole) 
A a Atomic number of the f i s s i l e i sotope e3Q)reseed 
in gm (s 235 gm) 
I « Isotopic abimdance of the f i s s i l e (^^U) i so tope 
in the uraniian ( s 7.26 x 10 ) 
<5^  =« p i s s ion cross sec t ion for the f i s s i l e i so tope 
(« 530 X 10"^^ cm^) 
^ a Thermal neutron f lux in neutrons/cmy^ec 
t =» Time of i r r a d i a t i o n in seconds 
I f tne standard and the unknovm samplesare denoted by 
the subscr ip ts 1 and 2 respec t ive ly , then for simultaneous 
i r r a d i a t i o n of the common assembly, the above equation may be 
wr i t t en as 
^1 - ^dry ^1 7 ^ ^f * * ^'*-2) 
^2 - ^ d r y ^ 2 l ^ ^f * ^ ^"^-^^ 
Hence W^  » ^ \ (^.^) 
Thus the r a t i o of the t o t a l number of t racks produced 
by the uniinown and tne standard plane he t s , together with the 
knowledge of the mass of uranium on tJ:^ standard plane net , 
gives the mass of uranium atoms on the unknown planehet . 
Now, since the mass of the drop and i t s volume dr ied on the 
standard planehet are known, the uranium content i n the 
unknown drop may be ca lcu la ted in gm/gm and gm/cjc uni t s 
whichever i s des i red. 
The *dry* metnod has the following disadvantages : 
(1) The uranium deposi t on the planehet on which the 
drop i s d r i e d , i s found to be nonuniform. The t rack 
density in the p l a s t i c de tec to r i r r a d i a t e d in 2n-
e on t a c t with the planehet i s found t o be much l a r g e r 
near the periphery of the dr ied drop than in the 
cen t ra l por t ion . Hence t o t a l number of t racks i n the 
en t i r e area of the dried drop i s t o be counted which 
makes the whole procedure very time consuming and 
t i r i n g . 
(2) Very often c l u s t e r s of f i s s ion t racks ( *sun-burst* type 
of t racks) are seen in the 'dry* method and they make 
the tracik counting d i f f i c u l t and inaccura te . 
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The 'wet' method described below is free from these 
defects. 
(B) 'Wet' method : When a plastic detector is dipped in a 
uranium solution and the combination is irradiated with 
thermal neutrons in a reactor, the resulting track density 
(tracks/cm ) on each side of the detector due to fission 
tracks should be given by 
l^-^wet C: I I cr^ (|) t (4.5) 
wnere C =» concentration (weight/volume) of uraniiun in 
the solution 
S/et '* constant of proportionality (in cm) identif ied 
as absolute fission track efficiency in the 
solution. I t s value depends upon the p las t ic 
detector , the etching conditions and average 
range of fission fragments in the solution. 
I,N,A» aq.» ^ and t have the same significance as described 
above in the *dry* method. 
For a given plast ic detector and a given concentration 
(C) of the solution irradiated witn a given dose ((t)t) of 
thermal neutrons equation (4,5) may be rearranged as 
C a k /o ( 4 . 6 ) 
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where the constant k is given by 
k - - — (4.7) 
Iyer e t a l . (1974) have given the K^^^ value for 
some p l a s t i c de tec to r s . They have mentioned tha t K 4^  
seemed to decrease by 5-15 7. for higher values of neution 
fiuence. Their K^g+ values are reported for a fluenca of 
lO-'--^  n/cm^. 
I - 4 
Using comparison w i t h dry* method K^^^ = 8.9 x 10 
cm as r epo r t ed by I y e r e t a l . (1974) f o r Melinex-0 p l a s t i c 
d e t e c t o r , and t h e v a l u e of neu t ron dose ( ^ t ) =» 2 .06 x 10 n/cm 
determined by us us ing g l a s s d e t e c t o r (Kumar and S r i v a s t a v a 
1934) . 
On s u b s t i t u t i n g t h e v a l u e s i n equa t ion ( 4 , 7 ) , we have 
235 
k 
3.9 x i O " ^ . aSx lO '^xS . 025 Xl0^^x5aoxl0'*^^x2.03x10^^ 
x 10"** =. 5.0037 X 10 ^'^ 
469650.72 
Now s u b s t i t u t i n g t h e v a l u e of k i n equa t ion ( 4 . 6 ) , we have 
8® -12 
C ( — ) » 5.0037 X 10 -^ ^ /> 
ac 
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A«in 
C ( ) » 5.0037 X lO'^p ( 4 . 3 ) 
o r y°» 1.993 x 10^ C 
S ince ,by using a rea scanning under an o p t i c a l microscope one 
can e a s i l y de termine a t r a c k d e n s i t y of about 100 t r ack /cm 
w i t h a c c u r a c i e s b e t t e r than 3*/. , equa t ion ( 4 . 3 ) s u g g e s t s 
t h a t uraniiam c o n c e n t r a t i o n s of 0.5 AXg^^/l or above can be 
e a s i l y determined by using we t ' method. 
The t r a c k d e n s i t y i s p r o p o r t i o n a l t o t h e concenti»a-
t i o n of uranium i n t h e s o l u t i o n . I t has been widely t e s t e d 
expe r imen ta l ly i n t h e range from 3yHgm/i t o 4 x 10 /Jgm/ i by 
I y e r e t a l . ( 1973 ) and confirmed by us dur ing t h e p r e s e n t 
i n v e s t i g a t i o n s i n t h e range from about 140 yUgm/i t o 1400 /4gm/l 
(Bansal e t a l . 1935) . 
Although equa t ion ( 4 . 9 ) can be d i r e c t l y employed t o 
de te rmine t h e uranium concent i^at ion of wa t e r , t he comparison 
method w i th s tandard s o l u t i o n s i s more use fu l as i t e l i m i n a t e s 
t h e e r r o r s i n t h e d e t e r m i n a t i o n of thermal neu t ron dose (j6t) 
and any change i n t h e v a l u e of K^Q+ clue t o h igh f luence of 
n e u t r o n s and gamma rays p r e s e n t i n t h e r e a c t o r environment . 
I f A and fp be r e s p e c t i v e l y , t h e t r a c k d e n s i t i e s 
g iven by t h e s t andard and t h e unknown uranium s o l u t i o n s 
i r r a d i a t e d w i t h t h e same thermal n e u t r o n dose ((J)t), t h e n by 
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equation (^.6), 
i.e. C2 = (-^ ) C^ (4.10) 
We have used Vet* method for determination of l>-
contents. However instead of using equation (4,3) for 
calculations, wa have fitted oar experimental data using 
least square fitting method and optained a relation between 
f and C. This relation was used for calculating C in our 
case, 
4.4 PREPARATION OF SOLUTION, IRRADIATION AND TRACK 
EVALUATION 
Standard solutions of uranium iiaving 30, 3, 2.5, 2, 
1.5, 1.0 and 0.3 ppm of uranyl nitrate (UOg (N0^)2''^H20} 
were used for obtaining a calibration curve. In fact first 
a stock solution of 30 ppm (weight/volume) was prepared by 
dissolving the 30 mgm of the salt in 1000 C.C. of distilled 
water. It was then diluted by gravimetric dilution method 
to obtain other standard solutions mentioned above. The 
uranyl nitrate used was from BDH having a purity of 93'/, the 
content of uranium in these standard solutions were respec-
tively 13935.0, 1393.50, 1161.25, 929.00, 696.75, A64.50 and 
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139.35/Jgm/l. 
P l a s t i c tubes obtained from the Blood Infusion s e t 
having inner diameter of about 3 mm were cut to 3.5 cm s i ze 
in length . They were washed in d i l u t e HNO, (AM) and d i s t i l l e d 
water in which the so lu t ions were prepared. One end of these 
tubes was sealed by an 'IMPULSE SEALER*. The tubes were then 
f i l l e d separately wi th the standard so lu t ion , d i s t i l l e d water 
and the tube-well water samples. Melinex-0 p l a s t i c was used 
as a de tec tor . We prefer red the use of t h i s p l a s t i c i n - s t e a d 
of Lexan because i t gives ve i^ nice conical t racks of f i s s ion 
fragments which are c l e a r l y d i s t ingu ishab le from background 
t r acks with grea ter confidence. Melinex-0 a lso gives n e g l i g i b l e 
background t racks due t o scra tches e t c . unl ike Lexan. Pieces 
of Melinex-0 p l a s t i c cu t to 3 mm x 25 mm s i ze and cleaned as 
above were inser ted in these tubes and sealed t i g h t l y , taking 
spec ia l care t o avoid a i r bubbles. A soda lime standard g l a s s 
de t ec to r (Kumar and Sr ivastava 1934) was a l so doubly sealed 
in PVC p l a s t i c to measure the i n - s i t u value of the neutron 
f lux. A combination of a l l the tubes containing the standard 
so lu t ions , d i s t i l l e d water (reagent blank), the tube-well 
water samples together with the g lass dosimeter was i r r a d i a t e d 
as a s ingle aluminum capsule with r eac to r neutrons in the 
core of the APSARA* reac to r for 3 hrs a t a place where the 
nominal neutron flux was 2 x 10 n/cm /sec (10 to 15 '/, f a s t 
neu t rons) . 
After i r r a d i a t i o n one end of the tubes was cut open 
and Meiinex-0 de tec tors were taken out. These de tec tors were 
washed again as above and etched simultaneously in 6N NaOH 
solu t ion a t 60°C for 90 minutes. This etching time was most 
appropriate to give maximum etched t rack lengths for f i s s i on 
fragments in Melinex-0 as determined in a separate experiment 
wi th Cf-252 f i ss ion fragments reg i s te red in t h i s p l a s t i c 
( see Chapter I I I , Fig. 3 .3 ) . The c e n t r a l por t ion of the 
de tec to r s t r i p s were scanned using a 'OLYMPUS BINOCULAR' 
research microscope a t a magnification of 600X. The t rack 
densi ty was determined by counting the f i s s ion t racks in 
more than 100 f i e ld s t h r i c e . The square marked on the g ra -
t i c u l e in the eyepiece represent ing one f i e l d had a c a l i b r a t e d 
area of 3.24 x 10 cm"". Tne counting was done on both the 
s ides of the de tec tor s t r i p s sind the t rack d e n s i t i e s on the 
two sides agreed well within p */. or l e s s . No c l u s t e r s or 
f i s s ion s t a r s were seen in the scanned samples. 
I t implied t h a t d i s t r i b u t i o n of ur^uniim in the so lu-
t i o n s was qui te uniform. The mean of the two s ides was taken 
t o represent the t rack densi ty in every case . The t rack 
dens i ty obtained in the d i s t i l l e d water ( reagent blank) i n 
which the solut ion was made, was found t o be 1.2 x 10 t r a c k s / 
2 
cm , It was subtracted from the track density obtained in the 
case of standard solutions to get actual track densities due 
to their uranium contents. 
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4.5 RESULTS AND DISCUSSION 
Table 4.2 shows t h a mean v a l u e of t r a c k density-
observed i n t n e c a s e of s t anda rd s o l u t i o n s a f t e r deduc t ing 
t h e t r a c k dens i ty ( 1 . 2 x 10 t r acks / cm ) i n t h e r e a g e n t 
b lank sample c o n t a i n i n g d i s t i l l e d wate r on ly . The d a t a i s 
d i s p l a y e d i n Figure 4 . 1 . The e r r o r b a r s i n t r a c k density-
due t o s t a t i s t i c a l e r r o r i n coun t ing a r e of t h e s i z e of 
t ha c i r c l e s enc los ing the d a t a p o i n t s i n che f i g u r e . 
I t i s seen t h a t t he t r a c k d e n s i t y i s p r o p o r t i o n a l 
t o t h e uranium c o n c e n t r a t i o n i n t h e s o l u t i o n a s demanded by 
t h e t h e o r y . Tne s o l i d s t r a i g h t l i n e i n t h e f i g u r e i s t h e 
l e a s t square f i t i n y = ax + b fo r t h e observed d a t a . The 
v a l u e s of a and b found by us were 
a » 1.336 X 10" t r a cks / cm (/ugm/i) 
b - 1.369 X 10^ t rack/cm^ 
Thus t h e equat ion of the b e s t f i t l i n e i s 
Z ' - 1.336 X 10^ C -f 1.369 x 10^ ( 4 . 1 1 ) 
o r C » 7.215 X 10*^ /^ - 9.377 ( 4 . 1 2 ) 
In t h e above equa t ion C i n (/Ugm/1 ) and fin ( t r a c k s / c m ) 
The d o t t e d l i n e i n t h e f i g u r e 4 .1 i s t h e p l o t of 
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equation (4 ,9 ) . I t nas a slope of 1.993 x 10 tracks/cm'^ 
- 4 (jUgm/L) calculatad on the bas i s of \,Q^ =• 3.9 x 10 cm for 
Melinex-0 p l a s t i c as given by Iyer e t a l . (1974). Our s t r a -
igh t l i n e nas a smaller s lope. The value of K ^ calci i la ted 
for Melinex-O on the bas i s of our slope comes out to ha 
- 4 •/ 
5.2 X 10 cm, - /nich i s about 30 /. lower than the value of 
Iye r e t a l , (1974). I t may be noted t h a t the value of K + 
given toy Iyer a t a l . (1974) was reported for a neutron dose 
11 2 
iiiTlO n/cm . Tney have a l so reported in the same paper tha t 
K _+. seemed to decrease by 5-15 7. for d i f f e ren t p l a s t i c s for 15 a t o t a l neutron dose upto 10 nv t , probably due to effect on 
f i s s ion tjTack r e g i s t r a t i o n efficiency of the de tec to r r e s u l t i n g 
in the s t ruc tu ra l and chemical damage of the p l a s t i c de t ec to r 
during intense neutron and gamma ray i r r a d i a t i o n s in the r ea -
c t o r environment. In our case the t o t a l neutron dose was 
16 
2.03 X 10 nvt and i t s seems t n a t K^Q4- for Malinex-O under 
our condit ions has decreased by 30 */. and has a value of 6.2 x 
- 4 10 cm. 
Table 4,3 gives the t rack densi ty obtained in the 
tube-well water samples co l lec ted from three d i f f e ren t l ega -
l i t i e s in the AMU campus. The t ab le a l so shows the values 
of uranium content of these samples ca lcula ted from the 
equation of s t r a igh t l i n e obtained above (equation 4,12). 
I t i s seen t h a t the uranium content i n the underground 
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water in the AMU campus va r i e s with l oca t i on , the maximum 
value being about 470 ugm/l for tne sample from the Medical 
College. 
I t should be noted t h a t the Medical College campus i s 
surrounded by farmers f i e l d s where c u l t i v a t i o n i s done. I t 
i s poss ib le tha t the use of phosphate f e r t i l i z e r s in these 
f i e l d s has some par t t o play in increasing the uranium content 
in the tube-well water from tha t area . 
Our values of uranium content in the tube-well water 
samples in the AMU campus are although on the higher s ide 
but they are s t i l l witnin tne range reported by Drury e t a l . 
(1931) and Edging ton (1965). The nigher value of J-content 
in our water samples ind ica tes t na t the s o i l in tne AMU 
campus i s uraniferous. Leaching of uranium from source rocks 
in the ea r th crus t may a l so account for the observed higher 
U-contents. Actual reasons can only be found by making 
cont ro l led geological i nves t iga t ion of the area under s tudy. 
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